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BLEEDING IN HIATUS HERNIA* 
By OTTO D. SAHLER, M.D., and AUBREY O. HAMPTON, M.D. 
BOSTON, MASSACHUSETTS 
STUDY of hiatus hernia, carried 


on at the Massachusetts General Hos- 
pital and covering a period of ten years, 
has brought out two important points, 
both of which merit greater emphasis than 
they have received in the past. One is that 
hemorrhage may be a symptom of hernia; 
the second, that the incidence of hiatus 
hernia is considerably higher than has been 
appreciated. 

Richard Bright! in 1836 described a 
case of diaphragmatic hernia with ulcer- 
ation. This is probably the earliest report- 
ed case of the kind. The earliest roentgeno- 
logical report with a history of bleeding is 
that of Carman and Fineman’ in 1924. 
One of their patients had a chronic anemia, 
while another vomited blood; a third vom- 
ited blood at least three times following an 
injury which led to a diaphragmatic hernia. 
The authors, however, did not correlate 
the blood loss in any of the 3 cases with the 
herniation. 

In an excellent article in which he dis- 
cusses the etiology of hernia, Akerlund! 
presents 24 cases of his own and reviews 
60 cases from the literature. Ohnell’? in a 
second part of this paper points out the 
fact that 2 or 3 of their cases vomited 
blood, or had obvious bleeding on instru- 


mental examination. This is the first cor- 


relation between hiatus hernia and bleed- 
ing which we found. 

Bock? in a discussion of one of the Cabot 
case reports in 1929 was the first Amer- 
ican to emphasize the presence of gastro- 
intestinal tract hemorrhage with hiatus 
hernia. He cited 3 cases with occult blood 
in the stools and a secondary anemia in 
which the only roentgenological findings 
were those of hiatus hernia. In the same 
year Harrington’® reported 30 cases of hi- 
atus hernia operated upon, 8 of which 
had a definite history of bleeding from the 
gastrointestinal tract without any other 
apparent cause. Seven of these 8 cases 
were found at operation to have either 
erosion or ulceration of the mucosa in the 
herniated portion of the stomach. These 
7 cases were found to be somewhat incar- 
cerated. 

Mathews and MacFee™ presented 2 
cases of proved ulcer in patients with dia- 
phragmatic hernia, 1 of whom vomited 
blood late in the course of disease. 
They point out the fact that hiatus hernia 
may be the cause of anemia, especially if 
the stool is positive in the guaiac test. 
Truesdale!®?° in 1932 was able to find only 

7 cases of proved ulceration in diaphrag- 
matic hernia. Weitzen®! in the same year 
presented 2 cases of diaphragmatic hernia 


*From the Department of Radiology, Massachusetts General Hospital, Boston. Presented at the Forty-first Annual Meeting 
I 


American Roentgen Ray Society, Boston, Mass., Oct. 1-4, 1940. 
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with bleeding, in 1 of which there was an 
apparent thickening and hypertrophy of 
the gastric rugae localized to the herniated 
portion of the stomach. 

Bock, Dulin and Brooke® in 1933 pre- 
sented 10 cases of diaphragmatic hernia 
with secondary anemia. Two came to au- 
topsy. The gastric mucosa in the herniated 
portion was found to show large submu- 
cosal blood vessels with pin-point areas of 
hemorrhage, while that in the non-herni- 
ated portion appeared normal. 

Gardner® presented 28 cases of diaphrag- 
matic hernia with secondary anemia. Of 
these, 5 had true peptic ulcer, and in 8 the 
anemia was considered to be due to hernia. 
Gardner attributed the bleeding to venous 
congestion in the herniated portion of the 
stomach as a result of the muscular com- 
pression of the diaphragm. He advised first 
treatment for the secondary anemia in ad- 
dition to a medical ulcer regimen, and if 
this proved unsuccessful, operation later. 

Jones," in an excellent paper on the clin- 
ical symptoms of hiatus hernia, mentions 
that in g1 cases of hernia, 4 cm. or less in 
size but in patients with definite symptoms 
of hernia, 22 had a history of bleeding. He 
found 6 cases of bleeding in 37 similar 
cases with larger herniae. 

Morrison"® and Healy" were the first to 
emphasize the relative frequency of non- 
traumatic herniae of the stomach through 
the esophageal hiatus. In 1925 Healy" 
stated that roentgenological study was the 
best method of diagnosing hiatus hernia 
Schatzki!® stressed the high incidence of 
hernia, especially in older patients. He 
found that in a group of 30 patients, sixty- 
five years of age or older, 14 had demon- 
strable hiatus herniae. By increasing the 
intra-abdominal pressure with air insuf- 
flation of the colon, he was able to show 
similar herniae in 8 additional patients. 
In other words, 73 per cent of a zroup of 
30 elderly patients were found to have 
demonstrable hiatus herniae. 

In order to determine the incidence of 
hiatus herniae in a group of clinic patients, 
one of the authors recently examined 100 
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consecutive patients during a two month 
period. Each patient was examined in both 
the upright and the horizontal positions 
with the esophagus filled with barium, and 
in both the left and right oblique posi- 
tion. In all cases manual compression of the 
epigastrium was used. Nine patients, 6 fe. 
male and 3 male, showed a hernia. The 
average age of the entire group was 43.5 
years while the average age of the 9 pa- 
tients with hernia was 45.3 years, or 
slightly above that of the entire group, 
Most of the 100 patients were examined 
primarily for peptic ulcer and were in a 
fairly young zge group, and it is our be. 
lief that the incidence of hernia would be 
even higher in an older age group Even so, 
an incidence of g per cent is higher than 
that reported in.a recent paper by Beilin, 
and other authors, but it must be remem- 
bered that these cases were examined with 
special emphasis on hiatus hernia while the 
reports of other authors are taken from 
their general statistics, that is, they may 
not have looked especially for hiatus her- 
nia, 

Of the 9 patients with hernia in this 
small series, 3 gave a history of having 
vomited small amounts of blood, and 1 of 
the 3 showed roentgen evidence of gas- 
tritis on examination. 

The incidence of hiatus hernia in a 
large clinic cannot be determined accurate- 
ly unless the routine roentgen examination 
is directed toward this diagnosis; that is, 
unless each patient is examined in the hori- 
zontal position with the esophagus filled 
with barium. Some roentgenologists, nota- 
bly Carty,® believe that herniae can be dem- 
onstrated in the upright position. Carty 
examines the patient in the upright right 
anterior oblique position at full inspi- 
ration and with pressure on the abdomen. 
In this position the barium will take an 
upward course as it enters the stomach, 
and in some cases only a “‘flip’’ of the bari- 
um column may be seen. While many her- 
niae may be seen in the upright position 
we have found that they are better demon- 
strated in the horizontal position, and also 
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that many smaller herniae which are 
missed in the upright position become visi- 
ble when the horizontal position is used. In 
the upright position the hernia empties 
rapidly and is drawn out into a shape simi- 
lar to the lower end of the esophagus, so 
that the cardiac sphincter may not be seen 
and the asymmetrical relationship of the 
esophagus to the herniated fundus does 
not occur (Fig. 1 and 2). 

Schatzki’s proof that increased intra- 
abdominal pressure makes possible visual- 
ization of hernia previously unseen is 
additional confirmation, we believe, of our 
contention that the horizontal position is 
preferable to the upright position, because 
changes in intra-abdominal pressure occur 
in shifting from the horizontal to the up- 
right position. 

Jenkinson™ in 28 cases of hernia found 
only 2 which were suspected of having her- 
nia when examined in the upright position. 
In 1930, Moore and Kirklin’ found that in 
2 out of 32 selected cases which were called 
negative on examination in the upright 
position herniae were demonstrable in the 


Fic. 1. Posteroanterior and both oblique views. A 
tracing of the lower esophagus of a patient with 
a definite history of hiatus hernia, made from spot 
film taken in the upright position. Note in the 
right hand view that the hernia cannot be distin- 
guished from dilatation of the lower esophagus. 


prone position. Akerlund' points out that 
the lesions are most often recognized with 
the patient in the prone or supine position, 
or lying on his right side. He adds that at 
times it may be necessary to apply manual 
compression to the epigastrium in order to 
demonstrate the hernia, and this is also our 


belief. 
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METHOD OF EXAMINATION AND DIAGNOSIS 


At the Massachusetts General Hospi- 
tal all patients are examined in the prone, 
the supine and the standing position; and, 
in our opinion, many hiatus herniae would 
not be demonstrated if the supine and 
prone examinations were not made. The 


Fic. 2. Same as Figure 1. Notice in the horizontal 
position the increase in the size of the hernia. In all 
three views the hernia can be differentiated from 
esophageal dilatation. 


Trendelenburg position is also of value. 

When a patient is examined in the right 
anterior oblique position while supine and 
with the esophagus filled, the narrowing 
produced by the cardiac sphincter is seen 
above the herniated fundus. The constric- 
tion of the fundus is apparent as it passes 
through the diaphragm, as is the gastric 
mucosa. If the patient is turned to the 
left anterior oblique position the esopha- 
gus is seen to enter at the right anterior 
margin of the herniated fundus. This asym- 
metry of the relation of the esophagus with 
the collection of barium above the dia- 
phragm is of considerable importance in 
establishing the diagnosis. The herniated 
portion also presents a dumbbell, or invert- 
ed molar tooth, shape* which is considered 
characteristic of hernia (Fig. 4). Care must 
be taken not to confuse dilatation of the 
lower end of the esophagus during peri- 
stalsis with a hiatus hernia, and if the 
facts just mentioned are kept in mind no 
confusion arises. It is not always possible 
to differentiate between the- mucosal folds 


* The term “inverted molar tooth shape” was first used by 
Dr. J. M. Robinson, now in the U. S. Navy. 
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Fic. 3. Posteroanterior and both oblique views. 
Three different cases of hiatus hernia showing the 
relationship of the esophagus to the herniated 
fundus, and the relation of the diaphragm to the 
stomach. 


Fic. 4. Left anterior oblique view. Note the asym- 
metrical relationship of the esophagus to the her- 
niated fundus, the narrowing of the fundus as it 
passes through the diaphragm. This is a typical 
inverted molar tooth shape. 
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of the esophagus and the herniated fundys 
of the stomach, and at times it is diff. 
cult to localize the cardiac sphincter. In g 
rare case, the actual hernial sac may be 
seen in the lower mediastinum as a soft 
tissue mass, fusiform in shape and smooth 
in outline. The usual differential diagnosis 


Fic. 5. A patient with a large hiatus hernia and a 
definite ulcer in the herniated portion of the stom- 
ach. Note the large ulcer in the herniated fundus 
and the soft tissue mass in the lower chest, due to 
the hernial sac. The presence of a soft tissue mass 
in this position should suggest the presence of a 
hiatus hernia. 


of such a mass lies between metastatic or 
primary tumor and abscess; and the fact 
that hiatus hernia may cause a similar 
shadow is important. The diagnosis can be 
confirmed easily by a swallow of barium 
(Fig. 5). 
STATISTICAL DATA 
Between 1930 and 1940, 221 cases of hi- 


atus hernia were reported in the Depart- 
ment of Radiology of the Massachusetts 
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General Hospital. This figure does not rep- hernia were found in a period of less than 
resent the total number of patients with two months. When one further considers 
hiatus hernia who had studies of the upper _ that this series was compiled by one of the 
gastrointestinal tract, for in many cases three regular roentgenoscopists in one divi- 
the herniae were not recorded because the sion of the hospital it becomes evident that 


TABLE I 


GROUP I-——PATIENTS WITH POSITIVE HISTORY OF UPPER GASTROINTESTINAL TRACT BLEEDING 


Sex * | Hemo- | Eryth- 
Case Age Size | globin | rocyte Other Findings 
M | I Hernia ‘Per Cent} Count 
K.C. 62 | x | 4 stomach | 65 3.68 | Hernial opening small, but emptied 
readily 
M.K. 47 | x | Small A ? None 
38 | | Small 70 4.1 None 
= | 43 |x | Large sl 3-55 | Localized gastritis in herniated portion. 
No ulceration 
E.O. 55 '| x | Small ? ? | Traction diverticulum of the esophagus 
W.M. 65 x 6X4 cm. go 5.2 | Duodenal diverticulum. Sulfapyridine for 
pneumonia 
W.R. | 69 x Small os | 63 | Healing ulcer in upper body of stomach 
by gastroscopy 
W.D. 69 x Small 65 | 2.25 Questionable gastritis while bleeding 
AH. 46 x | 6cm. 75 | §.34 | Small diverticulum of second portion of 
duodenum 
A.B. 63 x | Entire fundus 70 3.81 Hernia did not reduce 
A.M. 68 x | $cm. 70 3.85 Questionable ulcer in hernia by roentgen 
examination. Inflammatory stenosis of 
esophagus by gastroscopy 
M.W. 55 x | 4m. 42 1.23 | Redness of mucosa around cardia by 
gastroscopy 
M.P. 71 x | 8 cm. Diverticula of colon and _ esophagus. 
| Given sulfapyridine. Ulcer in herniated 
portion at postmortem 
C.M. 53 x 4cm. 60 We Gastritis in hernia by roentgen examina- 
tion and gastroscopy 
E.G. 71 2 in. 70 3.96 | None 
A.P. 50 x | } stomach 55 3.5 | Swelling of folds in prepyloric area. 
Gastritis? 
M.H. 50 x | Small | 85 3.85 | Gastritis on upper greater curvature with 
bleeding by gastroscopy 
A.M. 60 x Small 80 4-5 | Hypertrophic gastritis high on posterior 
wall by gastroscopy 
T.G. 5 x Large 75 3-4 | None 
Total 19 8 a1 


examiner did not always regard them of _ the total of 221 reported cases in ten years 

sufficient significance in the particular is far too small a figure. 

case under question. An analysis was made of the 221 cases 
As further evidence that these 221 cases with special attention given to the inci- 

are not the exact number seen in a period dence of bleeding. This group included pa- 

of ten years is the fact that in 100 patients tients whose hernia was associated with 

examined by one of the authors, 9 cases of cancer or ulcer of the stomach; but, where 
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Taste Il 
GROUP 2—PATIENTS WITH POSITIVE HISTORY OF GASTROINTESTINAL TRACT BLEEDING WITHOUT HEMATEMES|s 
Sex Si Hemo- | Eryth- 
Case Age [so H seer globin | rocyte Other Findings 
Per cent | Count 
ELL. 53 x | 4cm. 65 3-77 Gastritis in hernia. Diverticula of colon 
and duodenum 
H.C. 62 x Small 8 gram | 2.92 Sigmoid diverticula 
N.C, 82 x ? 60 2.9 Question of polyps on barium enema 
J.v.M. | 60 | x Large 38 2.9 None 
J.F. 64 x | 3 stomach §$gram | 3.9 None 
H.U. 66 x | Moderate 50 2.96 None 
C.B. 50 x | 3cem. 80 4.0 Question of duodenal ulcer 
J.L. 74 x Small 70 3-47 None 
C.M. 63 x } stomach 58 3-9 Large ulcer in herniated portion of stom. 
ach. This decreased in size with treat- 
ment 
Total 9 ae 


such obvious cause for bleeding existed, 
they were excluded from the number whose 
hemorrhage was considered as due to her- 
nia. On the other hand, cases of hernia 
with other gastrointestinal tract pathol- 
ogy, such as diverticula, a rather infre- 
quent cause of hemorrhage, are included 
in the group with bleeding due to hernia. 
Our material for study can be divided into 
three broad groups: 

1. Patients with a positive history of 
hematemesis. This group contains only 
those with relatively high gastrointestinal 
tract hemorrhage, and is by far the most 
important (Table 1). 

2. The remaining patients with gastro- 
intestinal tract hemorrhage, without hema- 


temesis. Included in this group are all those 
with tarry stools and guaiac positive stools, 
Bleeding in a certain number of these is 
probably due to polyp or other pathology 
which was not diagnosed despite repeated 
barium enemas (Table 11). 

3. Patients exhibiting anemia of some 
severity without a positive history of gas- 
trointestinal tract bleeding and in whom no 
other cause for amenia except hernia was 
recognized (Table 111). 

Nineteen patients fell into Group 1; 11 fe- 
males and 8 males (Table 1). The ages of 
the patients range between thirty-eight and 
seventy-one years, with an average age of 
fifty-seven years. The roentgen report gives 
the size of the hernia as ‘“‘small’’ in 7 pa- 


Taste III 


GROUP 3-——PATIENTS WITH NO HISTORY OF GASTROINTESTINAL BLEEDING 


Sex Si Hemo- | Eryth- . 
Case Age -—— H =i globin | rocyte Other Findings 
M|F Per cent| Count 
E.A. 75 x | 4 stomach | 60 3.62 None 
E.M. 67 x | Moderate -- 4.22 Vomiting without blood 
I.T. 62 x | Entire fundus 50 2.2 Esophageal diverticulum 
S.P. 69 x | 3} stomach 45 3-5 Did not reduce in upright position 
Total 4 4 | | 
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tients; as “‘at least 4 cm. in diameter” in 7, 
while the actual measurement of the hernia 
is not noted in 5. It was, however, appar- 
ently large in this last 5, the size being from 
one-quarter of the stomach to the entire 
fundus. 

In 10 of the 19 cases there was evidence 
of either gastritis or ulceration, as deter- 
mined by roentgenography, gastroscopy or 

stmortem examination. It is hard to 
gather from the gastroscopic report wheth- 


Fic. 6. Spot film of Figure 5 showing 
the ulcer crater. 


er the ulceration and gastritis were actual- 
ly in the herniated portion of the stomach, 
but where a definite location is given it is 
always high in the stomach in a position 
where the hernia would exist. One patient 
developed pneumonia while in the hospital. 
She was given sulfapyridine, and subse- 
quently developed hematemesis. Postmor- 
tem examination of this patient showed the 
upper 8 cm. of the stomach to lie in a her- 
niated sac, and an ulcer, measuring 1.5 by 
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Fic. 7. Patient C. M. (Table 11). Note the large pool 
of barium above the diaphragm. This represented 
the actual ulcer crater. 


0.5 long by 1 mm. deep, was found on the 
anterior wall 4 cm. from the cardiac orifice. 

Two of the patients had esophageal di- 
verticula, and in 3 there were duodenal 
diverticula. One patient showed an inflam- 
matory stenosis of the esophagus by esoph- 
agoscopy and a questionable ulcer in the 
hernia by roentgenography. In 4 patients 
hernia was the only gastrointestinal tract 


Fic. 8. Spot film of the ulcer crater in Figure 7. 
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pathology noted. We believe the frequent 
incidence of gastritis and ulceration high 
on the stomach wall to be very significant 
(see Fig. 5, 6, 7 and 8). 

In Group 2 (Table 11) there are 5 male 
and 4 female patients, whose ages vary 
from fifty to eighty-two years, with an av- 
erage age of sixty-four years. In 2 patients, 
the size of the hernia was small; in 5, it var- 
ied from 3 cm. in diameter to half the size 
of the stomach; in 1, the size is not noted. 
Patient E.L. showed a definite gastritis in 
the herniated portion of the stomach roent- 
genologically. Patient C. M. had a large ul- 
cer in the herniated portion of the stomach, 
which responded well to dietary treatment 
(Fig. 7 and 8). Patient N.C. showed ques- 
tionable polyp of the colon, and patient C.B. 
questionable ulcer in the duodenum. Pa- 
tient H.C. had, in addition to the hernia, 
diverticula of the sigmoid. Four patients in 
Group 2 showed hiatus hernia only. 

Group 3 (Table 111) was made up of 4 fe- 
males. The hernia in all 4 was fairly large. 
One patient had a history of vomiting, but 
the vomitus at no time was seen to con- 
tain blood. Patient I. T., who had a very 
poor dietary history, had a diverticulum of 
the esophagus. The fourth patient had di- 
verticulitis seven years after the hiatus 
hernia was found. 


DISCUSSION 


In a series. of 221 cases of hiatus hernia, 
32 had either moderately marked anemia 
or a positive history of gastrointestinal 
tract bleeding. We believe that the high in- 
cidence of gastrointestinal tract bleeding 
associated with hiatus hernia is evidence 
that the hernia may produce bleeding. In 
several cases active bleeding was noted at 
the gastroscopic examination. We obvi- 
ously have no proof that all of the 32 
cases actually bled in the herniated fun- 
dus and we do not mean to convey the im- 
pression that the incidence of bleeding 
from hiatus hernia is 15 per cent, as might 
be assumed from our data. Bleeding when 
present (particularly hematemesis) may be 
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due to the hernia, and it may be produced 
by congestion of the blood vessels in the 
herniated portion of the stomach with a re. 
sultant change in the mucosa, and gastri. 
tis or ulceration. This theory is borne out 
by the fact that 10 of 19 cases with hema- 
temesis showed changes in the upper stom- 
ach—changes proved by roentgen, gastro- 
scopic or postmortem examination. We be- 
lieve also that there is always some mucosal 
disturbance in cases of hiatus hernia which 
bleed. Benedict* has stated that the cases 
of hiatus hernia with bleeding which he has 
observed gastroscopically have shown gas- 
tritis and that he considers the bleeding due 
to the gastritis. 

In those cases where there was no posi- 
tive history of bleeding the anemia may be 
explained on a dietary basis, or there may 
have been slight blood loss which was not 
detected. 


SUMMARY AND CONCLUSIONS 


1. The diagnosis of hiatus hernia is de- 
pendent on two roentgenologic points: one, 
an asymmetrical relationship between the 
lower end of the esophagus and the herni- 
ated fundus of the stomach; and the other 
a narrowing of the fundus where it passes 
through the diaphragm. 

2. A soft tissue mass in the lower medi- 
astinum should suggest the possibility of 
hiatus hernia as well as the usual differen- 
tial diagnosis of tumor or abscess. 

3. The incidence of hiatus hernia is much 
higher than is generally recognized. 

4. Hiatus hernia may be the cause of 
bleeding. 

5. Bleeding caused by hiatus hernia is 
probably due to constriction of the hernial 
ring with resultant gastritis and ulceration 
of the herniated fundus. If neither gastri- 
tis nor ulceration is present the lesion will 
not cause bleeding. 

REFERENCES 
1. Axertunp, A. I. Hernia diaphragmatica hiatus 
oesophagei vom anatomischen und roéntgeno- 


logischen Gesichtspunkt. Acta radiol., 1926, 6, 
3-22. 


4 


2 
— 
VoL. 
a B 
3. B 
4. B 
® 
6. B 
9. C 
8. C 
g. C 
10. 
| 
11. 
12. 


Vor. 49, No. 4 


3. Benin, D. S. Diaphragmatic hernia of stomach. 
Radiology, 1941, 37, 68-74. 

3. BENEDICT, E. B. Personal communication. 

4 Bock, A. V. Treatment in an obscure case (Case 
15022). New England f. Med., 1929, 200, 88. 

a Bock, A. V., Duuin, J. W., and Brooke, P. A. 
Diaphragmatic hernia and secondary anemia; 
ten cases. New England ‘f. Med., 1933, 209, 
615-625. 

6. Bricut, R. Account of a remarkable displace- 
ment of the stomach. Guy’s Hosp. Rep., 1836, 
I, 598 603. 

7. Carman, R. D., and Fineman, S. Roentgenologic 
diagnosis of diaphragmatic hernia, with report 
of seventeen cases. Radiology, 1924, 3, 26-45. 

g. Carty, J. R. An x-ray sign in diagnosis of re- 
ducible esophageal orifice hernia. Radiology, 
1933, 20, 174-176. 

g. Garpner, K. D. Diaphragmatic hernia associ- 
ated with secondary anemia. 4m. F. M. Sc., 
1933, 185, 561-568. 

10. Harrincton, S. W. Diaphragmatic hernia asso- 
ciated with traumatic gastric erosion and 
ulcer. Collected Papers Mayo Clinic, 1929, 27, 
790-796. 

11. Hearty, T. R. Symptoms observed in fifty-three 
cases of non-traumatic diaphragmatic hernia. 
Am. J. Roentcenor. & Rap. THERAPY, 1925, 
13, 266-271. 

12. Jenkinson, E. L. Lesions of the diaphragm. Am. 


Bleeding in Hiatus Hernia 441 


J. Roentrcenor. & Rap. THERAPY, 1925, 74, 
16-19. 


3. Jones, C. M. Hiatus esophageal hernia, with 


special reference to a comparison of its symp- 
toms with those of angina pectoris. New Eng- 
land F. Med., 1941, 225, 963-972. 


. Matuews, F. S., and MacFeer, W. F. Gastric 


ulcers dependent upon diaphragmatic hernia. 
Ann. Surg., 1931, 94, §17-§23. 

A. B., and Kirk.in, B. R. Progress in 
roentgenologic diagnosis of diaphragmatic her- 
nia. F. 4m. M. Ass., 1930, 95, 1966-1969. 

Morrison, L. B. Diaphragmatic hernia of fun- 
dus of stomach through the esophageal hiatus. 
F. Am. M. Ass., 1925, 84, 161-163. 


. Oune wt, H. II. Hernia diaphragmatica hiatus 


oesophagei vom intern klinischen Gesicht- 
punkt. Acta radiol., 1926, 6, 23-34. 


. Scuatzk1, R. Die Beweglichkeit von Osophagus 


und Magen innerhalb des Zwerschschlitzes 
beim alten Menschen. Fortschr. a. d. Geb. d. 
Réntgenstrahlen, 1932, 45, 177-187. 


. Truespa.e, P. E. Diaphragmatic hernia. 4m. 


M. Ass., 1921, 77, 993. 


. Truespaie, P. E. Gastric ulcer associated with 


diaphragmatic hernia. New England F. Med., 
1932, 207, 385 390. 


. Werrzen, M. Diaphragmatic hernia with severe 


anemia. Am. J. Roentcenot. & Rap. THER- 
APY, 1932, 28, 808-812. 


go. 
{ 
a 
15 
16 
7 
> 
18 
, 
t 
- 
: 
- 
als 
: 
yf 
IS 
al 
n 
1S 
6b 
’ 
: 


Aprin, 1943 


BLEEDING ASSOCIATED WITH EXTRAMUCOSAL 
TUMORS OF THE STOMACH* 


By OTTO D. SAHLER, M.D., and AUBREY O. HAMPTON, M.D. 


BOSTON, MASSACHUSETTS 


Sees purpose of this paper is to point 
out the relatively frequent occurrence 
of gastrointestinal tract bleeding in the pres- 
ence of intramural submucosal tumors of 
the stomach, and to emphasize their differ- 
ential diagnosis. 

The term “extramucosal tumors of the 
stomach”’ is a very broad, all-encompassing 
one, including a large variety of histopatho- 
logically different tumors. Among the ex- 
tramucosal tumors of the stomach are 
leiomyoma, leiomyosarcoma, fibroma, fi- 
brosarcoma, neuroma, neurosarcoma, lym- 
phoma, hemangioma, lymphangioma and 
aberrant pancreatic tissue. In the present 
discussion we are primarily interested in 
the tumors of nerve, muscle and fibrous 
tissue origin, in both their benign and ma- 
lignant forms. 


REVIEW OF LITERATURE 


Campbell? in 1915 collected 40 cases of 
benign tumors of the stomach, most of 
which proved to show areas of either fi- 
brosarcomatous or myosarcomatous degen- 
eration. He states that fibromata may show 
a punched-out ulcer. Basch! credits Mor- 
gagni with having described in 1762 the first 
myoma of the stomach. In 1919 Holmes? 
described 3 cases of pedunculated tumor 
of the stomach. Two of these cases were fi- 
brosarcoma and are included in the present 
report. The third case was a lymphan- 
gio-endothelioma, and is not included in 
the present series. Holmes emphasized the 
fact that in these cases the peristaltic waves 
passed over the involved area of the stom- 
ach without evidence of break such as is 
seen in lesions which involve the gastric 
wall. 

Moore,* in an excellent paper, discusses 
in some detail the roentgenological diag- 


nosis of benign tumors of the stomach. He 
states: (1) Benign tumors produce a filling 
defect which is circumscribed and punched 
out in appearance. (2) The filling defect 
is usually on the gastric wall leaving the 
curvature regular and pliant. (3) While 
the rugae are obliterated in the immediate 
area of the tumor, as in inflammatory and 
malignant lesions, the rugae surrounding 
a benign tumor are more nearly normal in 
their arrangement and distribution. (4) 
They cause little or no disturbance in peris- 
talsis and retention is uncommon except 
when the lesion is at or very near the 
pylorus. (5) They do not reveal a niche, nor 
is there any incisura or other evidence of 
spasm. (6) They are rarely sufficiently large 
to be palpated. 

Minnes and Geschickter* in a review of 
the literature were able to collect 341 cases 
of leiomyoma, 102 cases of neurofibroma, 
42 cases of fibroma, 32 cases of lipoma, 
1 osteoma, I osteochondroma, 3 myomata, 
and 3 pancreatic arrests in the stomach. In 
addition, they presented 50 cases of their 
own. 

Odqvist® described a case of a gastric 
neurinoma in which the chief clinical sign 
was hemorrhage. Roentgen examination 
of the patient showed the presence of a well 
circumscribed tumor of a_ benign type 
with a stamped out niche. Odqvist be- 
lieves that the niche formation in gastric 
neurinoma is generally produced by nec- 
rosis and loss of a central area of the tumor 
into the lumen of the stomach. 

Senturia® emphasizes that hemorrhage is 
a common clinical finding in gastric neu- 
rinoma. He reports a case with an oval to 
round, smoothly outlined defect with an 
“en face niche.” 

The roentgenological diagnosis of these 


* From the Department of Radiology, Massachusetts General Hospital, Boston. Presented at the Forty-first Annual Meeting, 


American Roentgen Ray Society, Boston, Mass., Oct. 1-4, 1940. 
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extramucosal intramural tumors of the 
stomach is dependent on the presence of 
a space-occupying, smooth or lobulated, 
partially pedunculated, usually sessile mass 
projecting into the lumen of the the stom- 
ach from its wall (Fig. 1). The tumor, if 
viewed in profile, appears as extrinsic but 
is freely movable with the stomach. The 
mucosal pattern of the stomach as a whole 
is normal. The mucosa adjacent to the 
tumor is pliable. 

The mucosa over the tumor appears 
smooth and without its normal folds (Fig. 
3, B). In contrast to an extrinsic pres- 
sure defect the defect produced by the 
tumor forms a definite abrupt angle with 
the uninvolved wall of the stomach. This 
angle is usually obtuse but may be acute. 
In the rare cases in which the tumor pro- 
trudes like a polyp into the gastric lumen 
an acute angle is seen.’ If viewed en face 
the barium shadow at the obtuse margin 
fades out gradually; that is, the tumor is 
not sharply defined, but at other points 
the tumor edge may be quite sharp. The 
pseudopedunculated appearance of part 
of the margins is probably due to traction 
on the gastric wall (Fig. 1). An ulcer may 
or may not be present, but when present is 
helpful in making the diagnosis (Fig. 4). 
Such an ulcer is usually deep and smooth, 
the depth as a rule being as great as the 
width (Fig. 5, 4 and B). There is, however, 
no tendency toward spasm or incisura on 
the opposite gastric wall The ulceration in 


Fic. 1. Note the obtuse angle between stomach and 
tumor (arrow). There is a smooth defect as if a 
mass were pressing in from the outside. 
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Fic. 2. There is a large space-occupying mass in the 
stomach. Note that it is coarsely lobulated and 
that there is relatively normal mucosa above and 
below the tumor with smooth mucosa in the region 
of the tumor. 


carcinoma and the pseudo-ulceration in 
pancreatic arrests are nearly always in the 
center of the lesion, in contrast to the 
irregularly placed ulcerations of intramural 
tumors. 

Roentgenologically these tumors must be 
differentiated from cancer and _ benign 
polyps. They can usually be differentiated 
from cancer by the relative normality of 
the adjacent mucosa. Other differential 
guides are the sharpness and the smooth- 
ness of outline, and the angle formed at the 
gastric wall junction. At times, however, 
it is impossible to differentiate the two 
types of tumor as was shown in a recent 
case which roentgenologically was diag- 
nosed as either carcinoma or lymphoma, 
but which proved to be a necrotic, widely 
ulcerated fibrosarcoma (Fig. 6, 4 and B). 

The most common finding which dis- 
tinguishes these tumors from polyps is that 
they are usually sessile, whereas polyps 
are often pedunculated. An additional di- 
agnostic point is the presence of ulceration 
of the deep type and the relatively smooth 
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contour of these tumors contrasted with 
the more lobulated appearance of polyps. 

Occasionally a pancreatic arrest in the 
stomach makes absolute differential di- 
nosis impossible, since these arrests lie in 
the gastric wall, and the duct opening from 
the arrest may closely simulate the ulcer- 
ation of an intramucosal tumor. Pancre- 
atic arrests, however, do not bleed, so the 


General Hospital.* Twenty-one of the 24 
patients have had fairly adequate roentgen 
examinations. 

A review of the available c/inical data 
shows the following: 

1. Seventeen patients had symptoms of 
gastric distress, varying from gas and 
eructation to true abdominal pain similar 
to ulcer pain, and even including a sen- 


Fic. 3. Case xxu. 4, leiomyoma. Note the broad attachment at the lesser curvature and the smooth surface 
of the tumor. B, photograph of the tumor. The mucosa over the tumor is smooth. There is hypertrophy 


of the antrum. 


presence of bleeding would favor the di- 
agnosis of other submucosal tumors (Fig. 
7): 

Gastroscopy is of value in diagnosing 
submucosal tumors, but its value is depend- 
ent upon the ability of the gastroscopist. 
In our own experience the gastroscopist 
missed the lesion entirely in his first case, 
while in the last he diagnosed it correctly 
in the face of acontrary roentgen diagnosis. 

The gastroscopic findings are those of a 
tumor covered by smooth, rather atrophic 
mucosa, which may show ulceration in 
one or possibly more areas. The ulceration 
is, however, relatively small in comparison 
with the total size of the tumor and the 
mucosa beyond the actual area of ulcer- 
ation, but overlying the tumor, shows no 
evidence of infiltration. 

In the past twenty-seven years 24 intra- 
mural tumors of the stomach have been 
removed surgically at the Massachusetts 


sation of “a ball bouncing around in the 
stomach.” 

2. Twelve patients gave a positive _his- 
tory of vomiting. 

3. Bleeding from the gastrointestinal 
tract was experienced by 16 patients. (There 
is one additional case of presumptive bleed- 
ing, the patient having been admitted to 
the hospital because of very severe anemia, 
the red blood count having dropped from 
3,200,000 to 2,000,000 in three weeks. 
Though no definite statement on hema- 
temesis or tarry stools is made, further 
confirmative evidence of such bleeding is 
found in the fact that the tumor showed 
marked ulceration, and that after operation 
the anemia, which had failed to respond 
to vigorous preoperative therapy, cleared 
promptly.) Of these 16 cases, 7 had a 


* A number of these cases have been published in the New 
England Fournal of Medicine as ‘Case Reports from the Massa- 
chusetts General Hospital.” 
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history of hematemesis and 10 passed oc- 
cult blood in the stool. One patient had a 
guaiac positive gastric analysis. 

4. In 3 patients a definite mass was palpa- 
ble in the epigastrium. 

s, Weight loss was noted in 7 patients. 

The following reports represent rather 
typical cases. 


CASE REPORTS 


Case xxu (Fig. 3, 4 and B). R. B., white fe- 
male, aged fifty-four, was admitted to the hos- 
pital on May 21, 1940, with the chief complaint 
of weakness and gas on the stomach for ten 
weeks. She had a history of nausea and vomit- 
ing for twenty-four years associated with a 
smothering feeling in the epigastrium. For six 
months she had noted weakness, vertigo, and 
tarry stools. Ten weeks before admission she 
fainted while going to the bathroom. Following 
this she passed a large black stool which was 
guaiac positive. Roentgen examination at an- 
other hospital was said to show a gastric ulcer 
on the posterior wall. 

On physical examination the patient was ob- 
viously anemic. The red count was 4,680,000 
and hemoglobin was 55 per cent. 

Roentgen examination showed a large oval, 
smooth, slightly lobulated mass in the body of 
the stomach, over and around which the barium 
passed before it entered the antrum of the 
stomach. The mass measured 12 by 8 by 8 cm. 
It was slightly movable and was attached to 
the lesser curvature by a broad base. The 
pedicle measured at least 5 cm. in width, the 
upper border being 1 inch inferior to the cardiac 
orifice. 

The gastroscopic report is as follows: In the 
body of the stomach anterior to the gastro- 
scope and somewhat below it as it lay against 
the posterior wall there was a rounded, slightly 
nodular mass covered by smooth, normal ap- 
pearing mucosa. The entire tumor could not be 
well visualized, and although the area of the 
greater curvature was somewhat obscured by 
retained secretion the impression was that of a 
non-ulcerated tumor lying below the mucous 
membrane and presumably attached along the 
anterior wall and lesser curvature. 

At operation the stomach contained a large, 
freely movable, firm to hard, irregular mass 
which appeared to measure about 6 by 4 inches. 
This was in the fundal portion of the stomach 
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Kic. 4. Note the sharply punched-out ulcer in the 
tumor and the absence of mucosal infiltration 
above the tumor. (Courtesy of R. G. Vance, M.D.) 


close up to the cardia. A total gastrectomy was 
done. 

The pathological report is as follows: The 
specimen is a subtotally resected stomach 
measuring 12 cm. along the lesser curvature and 
25 cm. along the greater curvature. The 
serosa is salmon-pink, smooth and glistening 
throughout. The wall of the pylorus is markedly 
thickened, apparently due to hypertrophy of 
the muscularis, which measures I cm. in thick- 
ness. The mucosa is bright pink with a few 
small dark red areas scattered throughout. The 
rugae are not prominent. There is no visible 
ulceration. Originating in the superior resected 
border and lying in the lumen of the stomach is 
a large, firm, pedunculated mass, measuring 
10 by 7 by 6 cm. The overlying mucosa is not 
adherent, and the pedicle is small compared to 
the size of the mass. On section it is firm, and 
the cut surface presents a grayish-yellow ap- 
pearance with numerous irregularly scattered 
dark red, apparently hemorrhagic areas. Histo- 
logical examination showed the tumor to be a 
leiomyoma. 


Case xxi (Fig. 5, 4 and B). E. F. L., white 
female, aged fifty, was admitted to the hospital 
with the chief complaint of a massive hemate- 
mesis six weeks before admission. The patient 
had felt faint upon arising one morning and 
went to the bathroom, at which time she 
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vomited about 1 pint of blood. She had no re- 
currence of hematemesis but felt fatigued. 
Roentgen examination showed a mass 7.5 by 
7.§ cm. arising from a broad base on the lesser 
curvature and posterior wall of the fundus of 
the stomach. The base of the tumor lay just 
posterior to the cardia. The surface of the mass 
was rather smooth although there was slight 
lobulation present. One deep, crater-like de- 
pression was seen in the lateral portion of the 
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edly atrophic with blood vessels clearly visible 
shining through. The findings were those of 
benign submucosal tumor with atrophy of 
gastric mucosa. The tumor appéared to extend 
to within about I cm. of the cardia, but did not 
involve the cardia. 

The patient was operated upon and a fundu- 
sectomy was done. The pathological report is as 
follows: The specimen is a segment of stomach 
measuring 10 by 7 cm. At one edge of the speci- 


Fic. 5. Case xxi. 4, leiomyosarcoma. Note the ulcer which is as deep as it is broad. B, spot film of ulcer. 


mass. In changing from the horizontal to the 
upright position the mass showed only a slight 
shift in its position within the stomach. The 
remainder of the stomach presented no patho- 
logic change. The findings were interpreted as 
those of a tumor in the area described with a 
deep ulceration. Although several features were 
a little unusual the roentgenoscopist considered 
a leiomyoma or a similar tumor. as the most 
probable diagnosis, and carcinoma less likely. 
The gastroscopic report was as follows: In 
the upper part of the body of the stomach in the 
five o'clock position there was a smooth, 
rounded submucosal tumor of an elongated 
shape, appearing to be approximately 5 by 7 cm. 
in width and elevated above the surrounding 
mucosa by about I to 1.5 cm. There was no 
visible break in the mucosa overlying this 
tumor. Near its base the rugae started to pass 
over the tumor but were gradually flattened out. 
The mucosa surrounding the lesion was mark- 


men is a round, firm, lobulated, red-pink 
smooth mass covered by mucosa and measuring 
6.5 cm. in diameter. It projects 2.2 cm. above 
the mucosal surface of the stomach. The center 
of this mass contains a round, punched-out, 
gray-pink, irregular ulceration 1.6 cm. in diam- 
eter and 0.§ cm. in depth. Just proximal to 
this ulcer is a small round, punched-out similar 
depression 4 cm. in width. There is normal ap- 
pearing gastric mucosa on either side of the 
mass measuring 4 cm. on one side and § cm. on 
the other. This intramucosal mass extends 
through the wall as an extrinsic soft, ovoid, 
lobulated, smooth surfaced, dark-red mass 
measuring §.5 by 6.5 by 4.5 cm. On section this 
contains a cyst filled with old blood, measuring 
3 cm. in diameter, surrounded by a soft, necrot- 
ic, gray-red rim of tissue measuring up to I cm. 
in thickness. The tumor is slowly growing but 
has a fair number of mitoses. It is a neurogenic 
fibrosarcoma. 
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Fic. 6. 4, a fibrosarcoma with the appearance of a carcinoma. Note the apparent mucosal infiltration and 
the large irregular ulcer crater. B, the margin of the irregular ulceration is unusually broad (arrows). 
Note the relative absence of normal mucosa and the ragged ulcer crater. This case was roentgenologically 
classified as a carcinoma. Gastroscopically, the tumor was thought to be extramucosal. 


ROENTGEN FINDINGS 

In some of the cases the roentgen reports 
are very brief, while in others fairly full 
descriptions of the findings are given. Of 
the 21 cases adequately examined roent- 
genologically, 20 showed a definite filling 
defect, which was described as “round” in 
7 cases, “smooth” in g, and “lobulated” 
in 3. The examiner noted that the outline 
was “sharp” in 4 instances, and in g intra- 
luminal projection was definitely noted. 
Nine cases showed ulceration. In 1 patient 
the tumor was not found roentgenolog- 
ically, despite repeated review of the films 
pre- and postoperatively. At operation for 
cholecystitis a small tumor was palpated 
in the region of the fundus and removed. 

Two cases of ectopic pancreas were also 
seen. Both of thsese showed a definite 
smooth defect in the stomach, the defect 
being rounded but in the center there was 
a smooth dimple. In neither case was there 
the history of bleeding one would expect, 
since the dimple did not represent an ul- 


cer crater but the lumen of the duct for 
the aberrant pancreatic tissue. 

An analysis of the position of the lesion 
showed: 


Posterior wall. . 6 
Lesser curvature........... 8 
Greater curvature.............. 5 


Upper third stomach........... ve 
Middle third stomach.............. 6 
Lower third stomach............... II 


CLINICAL FINDINGS 


Of a total of 24 cases of intramural sub- 
mucosal tumors of the stomach 16 had a 
positive history of gastrointestinal tract 
bleeding and 1 additional case had a pre- 
sumptive diagnosis of bleeding. One other 
case in which “questionably tarry stools” 
is noted, was not included in this group. 
It becomes apparent that gastrointestinal 
bleeding is one of the most common symp- 
toms in these cases since it occurred in 
66.6 per cent of the patients. The only clin- 


| Cases 
r 


Fic. 7. Aberrant pancreas. Note the intramural de- 
fect. Arrow indicates the dimple at the site of the 
duct. 


ical symptom of greater frequency was epi- 
gastric distress, but as this distress varied 
so greatly from patient to patient, from 
mere “‘gas”’ or “‘belching”’ to “severe pain” 
bleeding must be considered the most con- 
stant symptom. Bleeding is all the more 
significant when one considers that in 2 of 
the cases bleeding was mentioned as the 
only symptom. Analysis of the type of 
bleeding shows that in 7 there was definite 
hematemesis; in 1, the gastric contents 
was guaiac positive; and in Io, the stools 
were either markedly tarry or guaiac posi- 
tive. In several of the patients there was a 
combination of these signs. 


PATHOLOGICAL FINDINGS 


Of the 16 cases with a history of bleed- 
ing, pathological examination of the surgi- 
cal specimen showed 9 with definite ulcer- 
ation in the tumor; 5 with no ulceration; 
and in 2, ulceration is not mentioned. 
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Of the 8 cases in which there appeared to 
have been no bleeding, 1 showed ulceration 
and 7 showed no ulceration. The patho- 
logical diagnoses in the entire group of 
24 cases* were: 


Cases 
Leiomyosarcoma.............. 6 
Neurofibrosarcoma............ 4 
2 
2 


PROGNOSIS 


Of the 24 cases which were operated upon 
2 died immediately postoperatively, 1 hav- 
ing had a severe anemia, and the other 
developing sepsis. 

In 3 patients the tumor recurred; 1, a 
neurofibrosarcoma, with recurrence after 
six years, died of peritonitis after an oper- 
ation for recurrence; I, a sarcoma, recurred 
after four years; and the third, a fibro- 
sarcoma, recurred after two anda half years. 

The follow-up of these patients is not 
complete, but it is known that 1 patient 
lived for twenty-five years, 1, for nine 
years, 1 for seven years, and 6 for at least two 
years. Five patients have been operated on 
within the last two years. One patient died 
of intercurrent disease; 4 cannot be traced. 


SUMMARY AND CONCLUSIONS 


1. Asmooth mass, round or ovoid, usual- 
ly sessile, in the wall of the stomach should 
suggest an extramucosal tumor. When view- 
ed in profile, at first glance these tumors 
may appear to be extrinsic, but in contrast 
to extrinsic pressure defects the unin- 
volved wall of the stomach forms an abrupt 
angle with the tumor defect. This angle 
may or may not be obtuse, but it is acute 
only in the rare cases in which the tumor 
protrudes like a sessile polyp into the stom- 
ach. The filling defect moves with the stom- 
ach and there is very little alteration in 
peristalsis. 

2. Ulceration, which is relatively deep, 


* One case had two different types of tumor. 
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smooth, and small in comparison with the 
size of the tumor, is common and should 
suggest the diagnosis. 

3. Bleeding is the most common, con- 
stant symptom in extramucosal tumors of 
the stomach. 
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SECONDARY LYMPHOSARCOMA OF THE STOMACH 


By FRANZ BUSCHKE, M.D., and SIMEON T. CANTRIL, M.D. 
From the Tumor Institute of the Swedish Hospital 


SEATTLE, WASHINGTON 


fe IS the purpose of this report to call 
attention to a certain type of lympho- 
sarcoma of the stomach secondary to a 
known focus of lymphosarcoma in some 
distant part of the body outside of the 
abdominal lymphatic area and character- 
ized by a roentgen appearance suggestive 
of a solitary malignant lesion of the stom- 
ach. This type of lesion is probably more 
common than is generally recognized. 
The most common site of primary local- 
ized lymphosarcoma is the lymphoid tis- 
sue of the pharynx, stomach, ileum and 
cecum, and possibly in some lymph nodes 
themselves. It is a well known fact that 
secondary deposits from lymphosarcomas 
of the pharynx in their late stages tend to 
involve the abdominal lymph nodes. With 
the clinical picture of a general abdominal 
distress, the palpatory findings of ab- 
dominal masses and the knowledge of a 
previously treated lymphosarcoma in the 
pharynx, one may easily overlook the 
lesion in the stomach itself if roentgen 
examination of the stomach is not per- 
formed as a routine procedure. One may 
argue that this omission is of little signifi- 
cance since these cases are hopeless any- 
way. Their occasional importance, how- 
ever, lies in the possibility of taking such a 
solitary malignant lesion seen in the roent- 
genogram for a primary carcinoma or a 
primary lymphosarcoma of the stomach if 
the primary lesion has been treated some 
time ago and the new examiner is not in- 
formed as to the previous presence of such 
a lesion or if the primary lesion has been 
overlooked. After successful treatment of 
a lymphosarcoma of the pharynx no trace 
of tumor or lymph nodes will be found in 
this original focus of the disease. The as- 
sumption of a primary lymphosarcoma of 
the stomach in such a case would render a 
slightly more hopeful prognosis since 


definite cases of primary lymphosarcoma 
of the stomach cured by irradiation or 
surgery are on record (Taylor*). Further- 
more it seems that occasionally even jn 
cases of a secondary lymphosarcoma of the 
stomach a cure or long intervals of good 
health may be obtained by radiation ther- 
apy. This seems to be a possible interpre- 
tation of the case reported by Schindler 
which will be reviewed presently. It seems, 
therefore, that the knowledge of this 
clinical picture which forms a fairly char- 
acteristic entity is not entirely of aca- 
demic pathologic interest. 


Case 1. Our own case observed here recently 
was that of a white male patient, O. M. S., aged 
fifty-seven. This patient was admitted on May 
29, 1940. Seven weeks prior to that time he 
noticed the sensation of a foreign body in the 
roof of the mouth and shortly afterward a lump 
under the right jaw. Three weeks prior to ad- 
mission he consulted his local physician who 
took a biopsy which showed lymphosarcoma. 
On admission here we found a large necrotic tu- 
mor mass occupying the region of the right tonsil 
with a necrotic ulceration (Fig. 1) The tumor 
bulged across the midline of the nasopharynx 
and there was a nodular infiltration of the soft 
palate with ulceration. Nasopharynx and lateral 
nasopharyngeal wall were clear. There was a 
nodularity with ulceration on the posterior sur- 
face of the soft palate and a nodular extension of 
the tumor into the hypopharynx along the 
posterior pillar down to the level of the 
epiglottis. There was a lymph node 3 cm. in 
diameter under the right mandible anterior to 
the sternocleidomastoid muscle. This node was 
fairly firm and slightly tender. Anterior to this 
there was a smaller lymph node; both nodes 
were movable. 

This patient received roentgen therapy from 
May 29 to July 6, 1940: 6,975 r (measured on 
the skin) in thirty- nine days with 800 kv. 
radiation to one right lateral field which in- 
cluded the right lateral nasopharynx, tonsil, 
hypopharynx and regional lymphatic area. 
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Through the main course of treatment this field 
measured 12 by 8 cm. to Io by 8 cm. The tumor 
responded readily to radiation therapy and had 
considerably regressed on the seventh treat- 
ment day after 775 r. The lymph node had al- 
most disappeared on the ninth day after 1,375 r. 
Thirteen days after the end of treatment the 
skin reaction had entirely healed, the patient 
was gaining weight, and there remained only a 
scar at the site of previous biopsy on the anterior 
pillar at the junction with soft palate as the 
only reminder of the previous lesion. No lymph 
nodes were palpable. 

The following observation, however, showed 
that this patient did not continue gaining 
weight as we would anticipate in the case of a 
sterilized lesion. During the following months 
we searched repeatedly for metastatic foci in 
the chest and by clinical examination of palpa- 
ble areas but did not find any indication of 
spread of the disease. In August, 1941, about 
one year after the end of treatment, the patient 
noticed a swelling of his legs up to the groin. 
The pharynx at this time appeared perfectly 
normal and there were no regional lymph nodes 
palpable. There was a small node 2 cm. in di- 
ameter in the left axilla. In the abdomen could 
be felt two masses of about § cm. in diameter 
each on the right and left side of the umbilicus. 
His complaints were very undetermined and 


Secondary Lymphosarcoma of the Stomach 


Fic. 1. Case 1. Lymphosarcoma of tonsil. 
Before treatment. 


only of a general abdominal distress. On the 
basis of the reports in the literature, which we 
will mention later, we examined the stomach 
roentgenoscopically and found a large ulcera- 
tion on the greater curvature (Fig. 27). We in- 
terpreted this as secondary lymphosarcoma of 
the stomach in view of the history of previous 
lymphosarcoma elsewhere. From the roentgen 
appearance alone I do not think that any diag- 
nosis beyond that of a malignant ulceration of 
the stomach could be made or that this lesion 
could be differentiated from a carcinoma. On 
August 26, 1941, Dr. Ralph Loe did a gastros- 
copy and found on the greater curvature at the 
posterior wall an elevated lesion with a great 
central ulceration. This lesion was circumscribed 
and seemed to consist of multiple submucous 


Kic. 2. Case 1. Secondary lymphosarcoma of stomach showing roentgen appear- 
ance. 4, before treatment; B, after roentgen therapy. 
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Fic. 3. Case 1. Secondary lymphosarcoma of stomach. Gastroscopic appearance. 
A, before treatment; B, after roentgen therapy. 


nodules. The entire area was estimated as meas- 
uring 4 to § cm. in diameter (Fig. 34). The pa- 
tient then received 2,850 r (measured on the 
skin) in twenty-seven days with 200 kv. over a 
left upper abdominal field. Roentgenoscopy on 
September 16, 1941, five days after the end of 
this treatment, showed practically a normal 
stomach (Fig. 28). Gastroscopy toward the 
end of treatment on September 9, 1941, showed 
practically normal mucosa (Fig. 3B). There was 
only a slight depression at the former area of 
ulceration which was covered with a smooth 
mucosa and was limited by a somewhat raised 
ridge. This would not be recognizable if one had 
not known that at this place a lesion had been 
previously present. This patient returned home 
in a hopeless condition due to progression of 
the general spread of the disease. 


A strikingly similar case was reported by 
Kessler.! 


K. H., male, aged fifty-six. In February, 1932, he 
noted discomfort in the throat; in May, 1932, he 
noted a swelling of the left side of the neck. In July, 
1932, there was an ulcerated tumor replacing the left 
tonsil extending into the soft palate and tongue and 
extending along the lateral pharyngeal wall down to 
the level of the vallecula. There were walnut sized 
lymph nodes in the carotid triangle. Histopathologi- 
cally this was a retothel sarcoma. He received frac- 
tionated irradiation between March 11 and 27, 1932, 
and the primary tumor and lymph nodes disappeared. 


In October, 1932, the patient complained of a burning 
sensation along the esophagus and pain behind the 
sternum. Roentgen examination on March 9, 1933 
(Fig. 4) showed an irregular filling defect just below 
the cardia extending into the smaller curvature in its 
upper third. In the region of the fundus the tumor was 
recognizable as a soft part shadow extending into the 
greater curvature. There was a filling defect the size 
of a hen’s egg in the anterior third of the greater 


Fic. 4. Secondary lymphosarcoma of stomach; 
before treatment (from Kessler'). 
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curvature. Three weeks later the patient was ad- 
mitted again because of increased difficulty in swal- 
lowing. He received irradiation over one anterior and 
one posterior field, 360 r to each field. There was 
marked improvement of the subjective complaint. 
Examination two weeks after this treatment showed 
only a slight irregularity in the region formerly found 
to be invaded, and examination after two months 
showed that the extensive mucosal infiltration in the 
proximal part of the stomach had completely dis- 
appeared. The stomach was then practically normal. 

In September, 1933, the patient again had com- 
plaints in the abdominal region with normal roentgen 
findings. One could feel on the right side of the spine 
at the level of the umbilicus a resistance which was 
interpreted as a retroperitoneal infiltration. This was 
irradiated and the patient improved again. In Febru- 
ary, 1934, he showed an acute abdominal picture and 
died within a few days. Autopsy was not done. 


A most remarkable case was reported by 
Schindler® and Renshaw.’ 


The patient was a female, aged fifty-one. Tonsillec- 
tomy in May, 1932, for salivation. She was first seen 
in November, 1932, with the complaints of swelling 
in the neck, which had been present for two years with 
little change in size, loss of 20 pounds of weight in 
one and a half years in spite of fairly good appetite 
and shortness of breath. There was a firm swelling 


Fic. 5. Secondary lymphosarcoma of stomach. Roent- 
gen appearance before treatment (from Schind- 
ler’). (Reproduced with permission of the author.) 
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Fic. 6. Secondary lymphosarcoma of stomach. Gas- 
troscopic appearance before treatment (from 
Schindler’). (Reproduced with permission of the 
author.) 


about 4.5 cm. in diameter below the midportion of 
left mandible. A group of firm, discrete cervical 
nodes was easily excised with the submaxillary gland 
in toto. These showed microscopically a lympho- 
blastoma with disappearance of the lymph node 
structure.* No mediastinal lymph nodes were found 
on roentgen examination but the patient received a 
daily dose of 393 r through a 15 by 15 cm. portal over 
the chest on three successive days. Following this she 
felt well and gained weight. 

In August, 1934, she again complained of shortness 
of breath. Roentgenogram of the chest showed a 
questionable evidence of lymphadenopathy and ad- 
ditional roentgen therapy was given through a 20 by 
20 anterior chest portal with a daily dose of 306 r for 
three days, followed two months later by a daily dose 
of 314 r for three days through a posterior portal. 
Shortness of breath disappeared and she remained 
well for sixteen months. 

In January, 1936, she reappeared with the com- 
plaints of an epigastric pain of one month’s duration. 
At that time the roentgen examination of the stom- 
ach revealed enlarged gastric rugae not obliterated 
by pressure (Fig. 5). The conclusion was reached that 
there was a submucous infiltration which had not 
broken through the mucosa. On gastroscopic exami- 
nation the angulus was found to be the site of marked 
changes. It was a scalloped nodular curve with a 
white ulceration toward the posterior wall. The mus- 
culus sphincter antri was cord-like and nodular. It 
contained a greenish-gray linear ulceration about 2 


* Dr. Schindler kindly sent us a slide for review which we would 
diagnose as a small cell lymphosarcoma. 
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cm. long and 3 mm. wide. There was a small hemor- 
rhagic spot on the greater curvature of the antrum in 
a swollen mucous membrane without folds or nodes. 
In the lesser curvature of the body just above the 
angulus there were many large nodules. The upper 
part of the posterior wall was normal (Fig. 6). The 
patient received five treatments, each of 200 r, 
through a 20 by 20 anterior abdominal portal, and 
three treatments likewise, each of 200 r, through a 
posterior portal. One month later the gastroscopic 
picture was found to have undergone a spectacular 
change. The stomach was almost normal, the angulus 
was smooth and the larger nodes and ulcers had dis- 
appeared. The roentgen appearance also was found 
to be almost normal. Three months later the patient 
felt better than she had for years. We were informed 
by Dr. Schindler that this patient is still in good condi- 
tion, September, 1941; this means nine years after 
the lymph nodes in the neck were removed and five 
and a half years after the stomach lesion was treated by 
roentgen irradiation. 


Our case and that of Kessler show a 
striking similarity and the sequence of 
events seems to leave little doubt as to the 
pathological interpretation of the stom- 
ach lesions as secondary foci following the 
local sterilization of a primary lympho- 
sarcoma of the pharynx. The third case, 
that of Schindler and Renshaw, is most 
remarkable because of the long duration 
of the disease and the freedom of symp- 
toms for more than five years following 
the treatment with small amounts of 
radiation to the roentgenologically and 
gastroscopically demonstrated stomach 
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lesion. Whether in this case the primary 

focus was also located in one of the tonsils 

which were removed six months prior to 
the first observation is a matter of con. 
jecture. We have seen cases of lympho. 

sarcoma of the cervical nodes following a 

tonsillectomy in which a careful history of 

the clinical complaints previous to ton. 
sillectomy justified the assumption of an 
unrecognized primary focus in the re. 
moved tonsil. Although the long freedom 
of symptoms in a primary lymphosarcoma 
of the tonsil with demonstrated spread be. 
yond the regional lymphatic area is highly 
unusual it seems that there are cases jn 
which apparently small (and even pre- 
sumably insufficient roentgen-ray doses) 
have produced long intervals of good 
health (Taylor). We are still far from un- 
derstanding the biology and the gamut of 
clinical pictures of the disease we call 
“‘lymphosarcoma.”’ 
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A PRENATAL DIAGNOSIS OF OSTEOPETROSIS* 


By E. L. JENKINSON, M.D., W. H. PFISTERER, M.D., 
K. K. LATTEIER, M.D., and MARY MARTIN, M.D. 
St. Luke’s Hospital 
CHICAGO, ILLINOIS 


HE intrauterine diagnosis of osteo- 
petrosis by means of roentgenograms is 
uncommon. One of 141 cases of osteope- 
trosis in the medical literature had a roent- 
genological diagnosis in utero.’ Subsequent 
study of this patient at the age of six years 
revealed little evidence of osteopetrosis.*® 
Necropsies and roentgen examinations 
have demonstrated extensive osteopetrosis 
in the neonatal period.*:4°.!° 


CASE REPORT 

The case presented occurred in a colored fe- 
male, aged twenty-nine, para 1, gravida 11, and 
pregnant six months. Fainting spells, nausea, 
vomiting, and albuminuria began in the first 
trimester. Repeated blood Wassermann exam- 
inations were negative. An unusual increase in 
weight and abdominal distention were found at 
the fifth month antepartum examination. There 
was progressive abdominal enlargement in the 
next month despite a salt free diet and restricted 
fluids. Loss of fetal heart tones and palpable 
fluid wave suggested polyhydramnios with a 
multiple pregnancy or monstrosity. 

Roentgen Examination. On April 6, 1942, the 
mother was brought to the Roentgen Depart- 
ment for examination. She was very large and 
multiple pregnancy was seriously considered. 
Roentgenograms were made in the antero- 
posterior and right lateral positions. The films 
revealed a single small fetus and an exceedingly 
large uterus, undoubtedly due to polyhydram- 
nios. The placenta was located on the posterior 
uterine wall. The mother’s bones appeared nor- 
mal and the pelvic inlet was within normal 
limits. Considering the size of the fetus, there 
was ample room for delivery. 

The films revealed the fetal head to be located 
in the right upper quadrant, well anteriorly. 
The breach was located in the pelvis. Prac- 
tically all the bones of the fetal skeleton were 
unusually dense and wide. The narrowing of 
the medullary canal of the long bones could be 


definitely seen in the prenatal films. The thick 
cortex encroached upon the medullary cavity. 
The bones of the extremities and the ribs were 
about twice the normal width and were marble 
like in appearance. The outlines of these bones 
were regular and quite sharply defined. No 
periosseous thickening or swelling could be seen. 
The metacarpals, metatarsals, and phalanges of 
the hands and feet could be easily demonstrated 
and were sclerotic. The carpal and tarsal bones 
could not be identified. The entire spinal col- 
umn showed increased density with practically 
complete development of the bodies and pro- 
cesses. The ilia and ischia could be easily out- 
lined in the lateral view and were of increased 
density. We were unable to outline any of the 
epiphyses of the long bones in the prenatal 
films. The skull presented many areas of in- 
creased density. The bones of the base of the 
skull which are laid down in cartilage and the 
bones of the face which are membranous in ori- 
gin were similarly involved. The supraorbital 
ridges (frontal bones) were unusually dense. 
Examination of the bones with a magnifying 
glass revealed marked increase in density, but 
the bones were not entirely homogeneous. They 
seemed to be slightly on the granular side. An 
interesting finding was the calcification seen in 
the upper half of the fetal abdomen which we 
thought due to calcification in the kidneys. 
Later roentgenograms of the fetus after delivery 
and postmortem confirmed our belief. Prenatal 
Diagnosis: Osteopetrosis; congenital lues should 
be ruled out. 

One week following the roentgen examina- 
tion, the pregnancy was terminated and a ma- 
cerated fetus was delivered. Photographs and 
roentgenograms of the fetus were made imme- 
diately following delivery. The fetus was 36 cm. 
long, 11.§ cm. anteroposterior diameter, and 
12.5 cm. lateral diameter. 

The roentgenograms made of the fetus fol- 
lowing delivery showed marked swelling of the 
soft tissues of the skull and an unusually large 
abdomen. 


* Presented at the Forty-third Annual Meeting, American Roentgen Ray Society, Chicago, Ill., Sept. 15-18, 1942. 
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Fic. 1. Photomicrograph of decalcified humerus 
showing calcification of the osteoid tissue and re- 
duced marrow spaces. 


The parietal bones were slightly increased in 
density and were of rather peculiar construc- 
tion. Perpendicular striae of bone extended out- 
ward from the primary center. The striae were 
well separated as they neared the peripheral 
sutures and were very sharp. The posterior 
parts of the frontals and the entire occipital 
bone showed this same pattern extending out- 
ward from the primary center. The bones of the 
base of the skull were very dense and quite 
homogeneous. The sella was poorly defined and 
flat. The facial bones were dense and broad and 
slightly mottled. 

There was no evidence of the epiphyses of the 
upper or lower extremities. The carpal bones of 
the wrists were not present and only the center 
for the calcaneus was present in the feet. The 
general roentgen findings are similar throughout 
the entire skeleton: namely, increased density, 
widening of the cortex, narrowing of the mar- 
row cavity, While the bones are definitely 
thickened, there is not a complete homogeneity. 
The trabeculae are not present, but there are 
small areas of mottling due to less dense bone. 
The cortical portion of the bones is not smooth. 


Irregular areas are present, especially in the 
extremities. The ribs are straight, predomi. 
nantly dense, but do show some mottling. The 
metaphyses of the ends of the long bones are 
smooth and straight. No periosteal reaction js 
discernible. Calcification is present in the upper 
abdomen which we believe to be in the kidneys, 
The chief roentgenological characteristics are 
as follows: 

1. Increased density of practically all of the 
bones. The increased density is generalized. 

2. Widening of all the long bones, especially 
the tibiae and ulnae. 

3. Fine mottling of the long bones. 

4. Narrowed medullary cavity. 

5. Thickening of the cortex. 

6. No periosteal thickening. 

7. The base of the skull is exceedingly dense, 
The sella is flat. 

8. Increased striae in the parietal, frontal 
and occipital bones. 

g. Calcification of the kidneys. 

10. No periosseous thickening. 

The bones of the mother and a half-sister of 
the fetus were normal in the roentgen examina- 
tion. 

Pathological Findings. The pathological find- 
ings in this case are discussed under three head- 
ings: (1) The fetus as presented after delivery; 
(2) the bleached bones of the skeleton after di- 
gestion of the soft tissues, and (3) the histo- 
logical preparations of decalcified bone not 
previously included in the digestion. The de- 
scription follows: 

The tissues of the body of the female fetus, 
estimated at six months intrauterine age, were 


Fic. 2. Photomicrograph of decalcified femur show- 
ing heavy trabeculae and fibrous tissue in the 
marrow spaces. 
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markedly macerated and hemorrhagic. De- 
posits of calcium seemed to outline the pyra- 
mids of the kidneys. Other viscera had auto- 
lytic changes. The long bones of the extremities, 
the ribs, the vertebrae, the bones of the cra- 
nium, and the bones of the face were greatly 
thickened and calcified. 

The soft parts were digested with a 1 per cent 
NaOH solution, the bones recovered and 
bleached. They were chalky and fragile, but 
heavy and much larger than usual. The bones 
of the calvarium consisted of rather soft bone 
with no myeloid. In the large flat bones delicate 
spicules radiated from a thick spongy central 
portion. The occipital bone had a thick heavy 
central portion. The lateral portions were 
radiating spicules. The frontal bone was par- 
ticularly heavy. The supraorbital ridge was 
thick and the supraorbital foramen had a diam- 
eter of 1 mm. The supraorbital plate had a 
thickness of 3 mm. The bone forming the floor 
of the anterior fossa was thick and porous. The 
pyramid of the temporal bone was heavy, dense, 
and the canals and foramina were prominent. 
The pyramid portion was 1.5 by 1.2 cm. The 
squama were thick and heavy. The zygomatic 
processes were I cm. in length and 0.4 by 0.4 
cm. in their other dimensions. The short styloid 
processes were ossified. The thick greater wings 


Fic. 3. Lateral view showing fetus in utero; dense, 


widened, and thickened bones. 
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Fic. 4. Photograph of the macerated fetus. 


and leaf-shaped lesser wings were well formed. 
The dorsum sellae were small but ossified. The 
nasal bones were well developed thin plates of 
chalky bone. The ossicles were about three- 
fourths of adult size and were well developed. 
The glenoid processes of the scapulae were com- 
pletely ossified and were each about three- 
fourths the size of the remainder of the scapula. 
The hyoid bone was not identified. The coracoid 
processes were heavy but short. The mandibles 
were thick and heavy. The clavicles were 2.5 
by 0.5 by 0.5 cm. There was a lavge heavy 
manubrial plate and two slighty smaller 
masses believed to be bones of the body of the 
sternum. 

The large long bones were thick and heavy. 
The enlargement was diffuse. The fibula and 
ulna were much thicker in proportion to the 
radius and tibia than the normal-relationship. 
The humerus was 2.5 em. long. The central 
portion had a diameter of 1.2 cm. and the base 
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Fic. 5. Roentgenogram of the fetus, showing the in- 
creased density of the bones of the upper and lower 
extremities, ribs, spine, face. 


roughly tapered to a diameter of 0.8 cm. at the 
lower end and 0.9 cm. at the upper end. At the 
diaphysis were transverse lines. The epiphyseal 
edge was rough and irregular and the bone here 
crushed easily. The radius was 2.5 cm., cen- 
trally it had a diameter of 0.8 cm. The shaft 
was diffusely enlarged. The diameter was ap- 
proximately 0.7 cm. and the distal end was 0.5 
cm. Five millimeters from the end of the bone 
was a transverse ridge and at the upper end 
were similar less distinct transverse lines paral- 
lel to the epiphyseal line. The ulna was slightly 
smaller and diffusely enlarged. It had a diam- 
eter near the center of 0.7 cm. The proximal 
end was 0.4 cm. in diameter and distally 0.4 cm. 
in diameter. No carpal bones were identified, 
but many irregular fragments remained and 
some of these probably represented carpal 
bones. The metacarpals were thick and much 
less chalky than the other bones. The largest 
was I cm. It was narrow near the center and 


flared at each end. Four phalanges were identi. 
fied, grossly similar to the metacarpals. The 
cortex was much firmer than that of the other 
bones. The femur was 3.7 cm. long and diffusely 
enlarged. Near the center the shaft had a diam- 
eter of 1.3 cm. There were longitudinal lines 
at eachend where the bones had a ruffled appear- 
ance and there were at each end faint trans- 
verse lines parallel to the epiphyseal line. The 
epiphyseal surface was rough and irregular, 
Proximally the diameter was 1 cm. and distally 
it was 1.2 by 0.8 cm. The tibia was ‘grossly 
similar. It was 3.5 cm. long. The greatest diam- 
meter at the upper third was 1.2 cm. At the 
proximal end the bone was 1 by 0.8 cm. and 
the epiphyseal surface was rough and irregular. 
Distally it was 0.7 cm. The fibula was 2.7 cm. 


Fic. 6. Roentgenogram of the fetus, lateral view, 
showing calcification in the kidneys, increased 
density, and widening of the bones of the upper 
and lower extremities, vertebrae, ribs, and base of 
the skull, and a large pendulous abdomen. 
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long and diffusely thickened. The markings 
were similar to the other bones. At the proximal 
end the diameter was 0.4 cm. and distally it was 
0.4 cm. Centrally it was 0.8 cm. in diameter. 
The ribs were heavy spongy bones with greatly 
reduced marrow cavities. The largest, along its 
convex edge, was 3.5 cm. The first ribs were 
well developed. The bodies of the vertebrae 
were heavy solid masses. The largest recovered 
were 0.8 by 0.5 by 0.5 cm. The lamina of all the 
vertebrae were thick. The spinous processes 
were well developed and the thoracic ribs had 
well developed thoracic processes. The wings 
of the pelvic bone were large and heavy. The 
margins were ruffled. The ischia were heavy. 
The ischial tuberosity was well developed. The 
foramen had a diameter of I mm. 
Histopathological Findings. Bone “A”: Lon- 
gitudinal sections of the decalcified femur had 
at the diaphysis a zone of unmodified hyaline 
cartilage penetrated by a few blood vessels. 
There was a variable amount of lime in the 
cartilage matrix here. Beneath this was a nar- 
row zone of calcified cartilage where the large 
swollen vesicular cells in rows were separated 
by narrow walls of more basophilic matrix. The 
region beneath had cartilage erosion and endo- 
chondral ossification. This was irregular in ex- 
tent. Narrow spicules of calcified cartilage were 
surrounded by wide zones of osteoid tissue. 
Deeper, where the marrow cavity should be pres- 
ent, were wide trabeculae of osteoid tissue, 
some with masses of persisting calcified carti- 
lage in their centers. Near the center of the shaft 
was marked irregular ossification of this osteoid 
tissue. The trabeculae here were wide, markedly 
irregular and compressed the marrow. There 
was little difference between the compacta and 
spongiosa except in the nature of the elements 
found in the reduced marrow spaces. Periosteal 
bone formation was active but there was here 
an abnormal amount of osteoid tissue with ir- 
regular lime deposition. In the narrow marrow 
spaces between the thick peripheral trabeculae 
was a cellular fibrous tissue. Here were many 
persisting masses of unchanged hyaline carti- 
lage. There was no fat in the small marrow 
spaces. Centrally the relatively small amount 
of hematopoietic tissue was compressed by 
masses of cartilage matrix undergoing resolu- 
tion and lysis. The usual discontinuous layers 
of osteoblasts were along the margins of the 
trabeculae but only a few osteoclasts were pres- 
ent. The small amount of hematopoietic tissue 
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Fic. 7. Photograph of the disarticulated skeleton 
after removal of the soft tissues. 


contained mainly young cells of the erythrocytic 
series, many adult macrocytes and large nu- 
cleated red cells. There were some young cells 
of the granulocytic series, very few of them 
acidophilic. No megakaryocytes were found. 

Section ““B’’: The radius and ulna resembled 
those described in the femur. Here, however, 
the persistence of calcified cartilage in the 
trabeculae was more marked. The wide dense 
trabeculae had narrow margins of intensely 
staining osteoid tissue. The marrow spaces con- 
tained in a fibrous stroma a moderate amount 
of hematopoietic tissue. 

Section “C”: The humerus had essentially 
the same changes. The dense trabeculae of the 
spongiosa had more marked ossification and the 
osteoid tissue was less in amount. The marrow 
here was mainly loose vascular fibrous tissue. 
The kidney tissues were markedly autolyzed. 
However, outlining the calyces and in the walls 
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of the larger blood vessels near the pelvis were 
large irregular deposits of calcium. 

Diagnosis. Macerated premature fetus; osteo- 
sclerosis fragilis generalisata (Albers-Schén- 
berg’s disease); calcification of renal tissues; 
postmortem autolysis of the tissues. 

No spirochetes were found in sections of the 
liver stained by the Levaditi method. 

To summarize the outstanding changes in the 
bone tissues of this case: Grossly, the long bones 
were diffusely thickened and heavy. Near the 
diaphyseo-epiphyseal lines were transverse 
ridges. Particularly well marked at the ends of 
the tibia were longitudinal striations giving a 
“ruffled” appearance to the bone. The ulna and 
fibula were much thicker in proportion to the 
radius and tibia than the normal relationship. 
The membrane bones of the face and cranium 
were less involved than the cartilaginous bones. 
The large flat bones were practically normal. 
The marked development of the supraorbital 
ridge, large size of the pyramids and ossification 
of the styloid processes were noteworthy. The 
bone tissue was chalky and fragile. Histo- 
pathologically the disturbance seemed to be in 
the ratio between bone formation and absorp- 
tion. The periosteum was intact. There was 
endosteal increase in density and thickness. The 
epiphyseo-diaphyseal lines of the long bones 
were ragged but epiphyseal development was 
normal. The sclerosis seemed to have occurred 
after the centers developed. There was increase 
of cortical bone with widening and broadening 
of the trabeculae. The spongiosa was obliterated 
and the marrow spaces were reduced. Much of 
the marrow contained fibrous tissue. There was 
an abnormal amount of osteoid tissue in the 
centers of the shafts. The significance of calcium 
material outlining the renal pelvis was difficult 
to determine. The soft tissues were badly 
macerated and the finer structure altered by 
autolysis. No parathyroid tissues were identi- 
fied. 

DISCUSSION 


Roentgenological features of osteope- 
trosis were first described in 1904 by Al- 
bers-Schénberg,' who called the condition 
“marble bones.” The term “‘osteopetrosis”’ 
was suggested by Karshner’ on the basis of 
bone petrifaction. Pirie* demonstrated that 
the density and drilling qualities of the in- 
volved bones resembled chalk rather than 
marble and called them ‘“‘chalky bones.” 


The etiology of osteopetrosis is not known, 
The réle.of chronic infection, avitaminosis, 
and anomalies of osteogenesis are not well] 
defined. Péhu, Policard and Dufourt® sug- 
gested a parathyroid tumor in their case as 
the etiological factor. Pugsley and Selye® 
injected parathyroid hormone in rats and 
observed an initial increased calcium ex- 
cretion subsequently followed by a normal 
or subnormal excretion. This acquired re- 
sistance to experimental hyperparathyroid- 
ism could be converted into a condition 
closely resembling marble bones if the ad- 
ministration of parathyroid were continued. 
The osteoclastic reaction (osteitis fibrosa) 
changed over to an osteoblastic one (mar- 
ble bone formation) at the same time that 
the increased calcium excretion and hyper- 
calcemia returned to normal limits. 

Péhu, Policard and Dufourt,’ Schulze," 
and Alexander? found deposits of calcium 
in tendons, myocardium, blood vessels, 
skin, and in the kidneys, and believed that 
parathyroid hyperactivity was significant. 
Parental consanguinity and familial tend- 
encies have frequently been reported. Sex 
and race are not important. Most reported 
cases have been diagnosed before puberty. 
Pirie’ believes that the disease starts at the 
epiphyseal line where alternating trans- 
verse bands of greater and lesser densities 
are so common that they are considered 
pathognomonic. Similar findings, however, 
may be found in chronic illness due to nu- 
tritional growth arrests. The pathogenesis 
of the poorly differentiated, unorganized 
amorphous bone is not decided. The mar- 
row cavity is replaced by spongiosa having 
a marked increase in number and thickness 
of individual trabeculae, between masses of 
persisting calcified cartilage. The lamellae 
of the cortex are increased in number and 
are more compact. The pathogenesis may 
result from abnormalities in the hyaline 
matrix, the osteolytic mechanism, or failure 
of metaplasia from fibrous to osteoid tissue. 
Various authors disagree as to the rdle of 
osteoblasts and osteoclasts. In the case pre- 
sented the usual discontinuous layers of 
osteoblasts were along the margins of the 
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trabeculae but only few osteoclasts were 
present. Osteopetrosis may be suspected 
clinically by its secondary manifestation. 
The diagnosis is usually made by roentgen 
studies. 

All the bones of the skeletal system are 
affected. The vertebrae, pelvic bones, base 
of the skull, and ends of the long bones are 
most extensively involved. The hard cor- 
tical bone is more than twice the usual 
thickness and there is condensation and 
broadening of the bony trabeculae. The 
spongiosa and marrow elements may be 
obliterated by the encroaching compacta 
and replaced by fibrous tissue. The hyper- 
plastic bone growth is entirely endosteal. 
The periosteum is rarely involved. 

The ossification centers appear at the 
normal time and epiphyseal unions are 
only slightly delayed. 

The chemical analyses of the bones have 
failed to reveal any characteristic changes 
in their calcium, phosphorus, magnesium, 
or carbonate content. The calcium and 
phosphorus content of the blood serum is 
normal. The osteosclerotic or myelophthisic 
anemia accompanying the disease probably 
results from encroachment on the marrow 
elements by the compacta. Metaplasia of 
extramedullary hematopoietic centers may 
account for the enlargement of the liver, 
spleen, and the lymph glands. 


DIFFERENTIAL DIAGNOSIS 


A careful history is most important in 
the differential diagnosis of osteopetrosis. 
A complete roentgen examination of the 
skeleton is also imperative. 

Congenital syphilis probably presents the 
most difficult diagnostic problem. In con- 
genital syphilis there is a marked thicken- 
ing of the periosteum and sclerosis of the 
bone, but there are also areas of destruction 
in the region of the metaphyses. Syphilis 
rarely attacks the bones of the base of the 
skull, while osteopetrosis usually involves 
this portion of the skeleton. Serological 
studies are very important in the differ- 
ential diagnosis. 

Osseous changes in leukemia are not un- 
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common and were originally described by 
Hueck in 1879. However, the changes are 
predominantly infiltrative and destructive 
rather than proliferative. When sclerosis 
does appear, it is not so generalized. 

In certain parts of the world, chronic 
fluorine poisoning presents changes which 
may be confused with osteopetrosis. Here 
the history is of great importance. The off- 
spring of persons in any way associated 
with fluorine may show changes of the 
sclerotic type. In fluorine poisoning the 
architecture of the bones remains un- 
changed and calcium fluoride crystals can 
be identified histologically in the haversian 
canals. The adjacent soft tissues show 
osteophyte formation with calcification of 
the intervertebral ligaments and periosseous 
deposits. 

Some of the more uncommon conditions 
such as condensing osteitis of Sicard, ebur- 
nizing osteitis of Putti, ivory vertebra, or 
leontiasis ossea, while they may cause some 
confusion, are usually localized and do not 
present the generalized sclerosis seen in 
osteopetrosis. 

Paget’s disease may present a difficult 
problem in older patients. However, the 
changes in the skull, pelvis, and long bones 
of the extremities are usually quite char- 
acteristic. The bones are not homogeneous 
and the trabeculae instead of being absent 
are very prominent and thickened 

Chronic metallic poisoning such as lead 
or phosphorus may cause diagnostic diffi- 
culties. The history, chemical analysis, and 
examination of the red blood cells. are of 
great importance from a differential stand- 
point. When the irritating metals are with- 
drawn the patient’s condition very often 
improves and the areas of sclerosis disap- 
pear. Osteopetrosis presents no peripheral 
neurological findings. 

When multiple fractures occur in a pa- 
tient, the differential diagnosis between 
osteopetrosis and osteogenesis imperfecta 
presents a problem. However, in the latter 
condition, the density of the bones is de- 
creased rather than increased and trabec- 
ulae are present. Healing of the fractures 
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may take place in either condition. More- 
over, marked deformities and bowing of 
the bones due to softening can be noted in 
osteogenesis imperfecta. 

The course is frequently rapid and fatal. 
Involvement of the bones and foramina of 
the base of the skull may cause blindness, 
hydrocephalus, and hypophyseal dysfunc- 
tions. Mineral, vitamin, and endocrine 
therapy have been unsuccessful. 


SUMMARY 


1. A case is presented of prenatal osteo- 
petrosis diagnosed roentgenologically and 
confirmed by necropsy. 


2. A complete review of the literature 
reveals no confirmed prenatal diagnosis of 
osteopetrosis. 


3. The skeletal changes reveal that car- 
tilaginous and membranous bone show 
similar involvement. 


4. From the review of the literature and 
the evidence presented in our case, osteo- 
petrosis undoubtedly originates in utero 
and when accompanied by hydramnios, the 
fetal mortality is high. 


5. It is not uncommon for patients with 
osteopetrosis to reach adult life. 


10. 


Il. 


Apri, 1943 


REFERENCES 


. ALBERS-ScHONBERG, H. ROntgenbilder einer 


seltenen Knochenerkrankung. Miinchen. med. 
W chnschr., 1904, 51, 365. 


. ALEXANDER, W. G. Report of a case of so-called 


“marble bones” with a review of the literature. 
Am. J. Roentcenou, & Rap. THERAPY, 1923, 
10, 280-301. 


. Assmann, H. Beitrage zur osteosklerotischen 


Anamie. Beitr. z. path. Anat. u. z. allg. Path., 
1907, 47, 565-595. 


. Goopa., A. Acute myelocythaemia associated 


with osteosclerosis and other unusual features 
occurring in an infant. Edinb. M. ., 1912, 8, 
500-507. 


. Karsuner, R. G. Osteopetrosis. AM. J. Roenr- 


GENOL. & Rap. THerapy, 1926, 76, 405-419. 


. Péxv, M., Poxicarp, A., and Durourt, A, 


L’ostéopétrose ou maladie des os marmoréens, 
Presse méd., 1931, 39, 999-1003. 


. Pirie, A. H. Development of marble bones. Am. 


J. Roentcenor. & Rap. THerapy, 1930, 24, 
147-153. 


. Pirte, A. H. Marble bones. Am. J. RoENTGENOL, 


& Rap. THERAPY, 1933, 70, 618-620. 


. Pucstey, L. I., and Serve, H. Histological 


changes in bone responsible for action of para- 
thyroid hormone on calcium metabolism of rat, 
F. Physiol., 1933579, 113-117. 

Scumipt, M. B. Verhandl. d. deutsch. path. Ge- 
sellsch., 1907, 17, 288. 

Scuutze, F. Das Wesen des Krankheitsbildes 
der “Marmorknochen (Albers-Schénberg).” 
Arch. f. klin. Chir., 1921, 178, 411-438. 


VoL. 4 


2 
O 
smal 
a do 
the « 
term 
vers 
4 
: 
fecti 
7 pret 
the | 
8 its O 
of li 
peri 
It 
exan 
so fi 
of r 
= field 
tanc 
and 
in t 
reco 
rega 
7 to h 
G 
Hos 
4 desi 
pat! 
age 
was 
| yea 
ind 
Gh 
Ing: 
lun 
wid 
rec 


Vor. 49, No. 4 


GHON’S TUBERCLE 
RE-EVALUATION OF A CONCEPT* 


By ROBERT G. BLOCH, M.D. 


CHICAGO, ILLINOIS 


VER twenty-five years ago Ghon° 
published his studies on primary 
tuberculous infection. Since that time the 
small calcified focus in the lung has played 
a dominant réle in the clinical aspect and 
the epidemiology of tuberculosis, and the 
term, ““Ghon’s tubercle,” has been uni- 
versally accepted as signifying the calci- 
fied single or multiple remnants of a tuber- 
culous lesion resulting from a primary in- 
fection acquired in childhood. This inter- 
pretation is made regardless of the age of 
the patient in whom such a lesion is found; 
its origin is placed back in the early years 
of life from the adolescent and senile age 
period alike. 

It is the purpose of this paper to re- 
examine the soundness of that apparently 
so firmly established concept on the basis 
of more recent experience. As in other 
fields of medicine, the increasing impor- 
tance of pathologic study through serial 
and large scale roentgenologic observations 
in the field of tuberculosis compels us to 
reconsider some aspects of our knowledge 
regardless of how securely they may seem 
to have been founded in the past. 

Ghon examined tuberculous lesions in 
184 children by autopsy in St. Anne’s 
Hospital in Vienna. Of that number he 
described in detail his findings in 125 as to 
pathologic detail, number, size, and dis- 
tribution of the lesions. Table 1 shows the 
age distribution of his patients. The oldest 
was fourteen years, the average age four 
years, with more than one-third of the 
individuals less than two years of age. 
Ghon made no attempt to apply his find- 
ings to tuberculous remnants found in the 
lungs of adults; apparently it was the 
widespread recognition which his work 
received, rather than his own interpreta- 


tion of his findings which led to a practice 
of ascribing all calcified foci in the adult 
to childhood infection. Without adequate 
observations which could form an accept- 
able scientific bridge from childhood to the 
adult age, the calcified focus discovered at 
any ageandGhon’s tubercle arenow synon- 
ymous; the term in that meaning has 
become common in everyday medical 
practice. 
Tas_e I 
AGE DISTRIBUTION OF LESIONS DESCRIBED BY GHON® 


Distribution: Number Cone 
Younger than 2 years 47 37.3 
2to § years 43 35-0 
6 to 10 years a7 21.4 
11 to 14 years 8 6.3 
125 100.0 


Youngest child aged 2 months. 
Oldest child aged 14 years. 
Average age—4 years. 


A few authors*:*® from different conti- 
nents and studying tuberculosis in various 
races have pointed out that calcifications 
are found more frequently in old than in 
young individuals; in fact, that there is a 
steady rise in the frequency of such find- 
ings with increasing age. Ten years ago, in 
beginning our case-finding programs for 
tuberculosis,! we examined a group of 
2,300 white persons composed of college 
freshmen, graduate students, faculty mem- 
bers and hospital personnel of the Uni- 
versity of Chicago. The examinations 
were made partly by roentgenoscopy and 
partly by stereoscopic chest roentgeno- 
grams. There was the striking discovery 
that calcified tuberculous remnants were 
more frequent in the older group of indi- 


* From the Frank Billings Medical Clinic, Department of Medicine, University of Chicago. 
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- Fic. 1. Percentage of calcifications (Ghon’s tubercles) in 2,300 
7 white individuals of various age groups. 
9 viduals. Figure 1 shows the steady rise conducted another case-finding program 


through the various age groups by roent- among the patients of the Clinic of Provi- 
genoscopic as well as by stereoscopic exam- dent Hospital in Chicago introducing 


ination. chest roentgenoscopy as a routine proce- 
During the past three years we have dure in that institution.? The findings of 
20 
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Fic. 2. Percentage of calcifications (Ghon’s tubercles) in 20,000 Negroes. ave 
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calcified foci were recorded as to size, loca- 
tion, multiplicity of the lesion, and age of 
patient. In the first 20,000 Negroes of all 
ages who were examined there was again a 
sharp rise of the number of calcified foci 
with increasing age, as shown in Figure 2. 

Realizing that a large number of such 
lesions, possibly their majority, are not 


eight years to reach a stage of calcification 
which makes it recognizable as such on 
roentgen examination. In childhood the 
period seems to be much less. 

If the process of calcification consumes 
certainly less than a decade and if it is 
assumed to originate in childhood, why 
should we find so many more calcified 


Fic. 3. Development of typical childhood (primary) focus. Unit No. 40866, B. T., female, aged six. Patient 
was exposed to infection from her mother who had pulmonary tuberculosis. 4, taken in 1931, shows a 
fairly sharply outlined caseous focus near the left heart border. B, in 1933 the lesion appeared smaller, 
more sharply outlined, with a dense central focus representing calcification. C, in 1939 the peripheral area 
has been reabsorbed with the calcified nucleus remaining. Presumably the final stage was reached long be- 
fore 1939 but no intermediate observations are available. 


discoverable by roentgenologic examina- 
tion—the recorded average was 15 per 
cent—the groups are nevertheless repre- 
sentative. If failures of visualization could 
be corrected, the curve would probably 
rise still farther rather than decline, since 
failure of discovery is more likely to occur 
in the older and more obese groups than 
in the younger ones. It cannot be assumed 
that the majority of these foci would take 
from childhood to adulthood or even to 
middle age to reach the maturity of com- 
plete calcification. It was our observation, 
as it has been also that of others, that the 
average caseous lesion needs from six to 


tubercles among middle aged and old 
persons than in young adults and adoles- 
cents? In recent years much has been said 
about primary tuberculous infection in 
adults. With decreasing exposure of 
children to the tubercle bacillus, espe- 
cially in some rural areas of the country. 
the occurrence of late primary infection 
has undoubtedly increased, but this shift 
is as yet of little significance in the general 
picture of tuberculous epidemiology, es- 
pecially in the cities. Certainly in the mid- 
dle aged and near-senile population the 
significance of first infection is to be de- 
nied. Primary adult infection, therefore, 
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Fic. 4. Development of adult exogenous superinfection focus. Unit No. 8426, V. C., female, aged twenty-five. 
Patient was exposed to infection from her mother, who was found to have open pulmonary tuberculosis 
for some time before discovery of the daughter’s focus. Patient was examined because of contact. A mild 
productive cough at the time of examination and recurring frequently after healing of the lesion was obvi- 
ously related to upper respiratory infection. 4, in 1929 an ill defined, small lesion was found in the left 
mid-lung field with round calcifying central area. B, in 1933 enlargement of the dense central area js stil] 
surrounded by a halo of lesser density. C, in 1936 there is complete calcification. 


offers no answer to our question. The al- 
ternative is the assumption that a large 
number of calcified foci in the adult are 
not the remnants of a primary infection 
but rather the remnants of reinfection 
tuberculosis acquired during the adult 
age. 

In recent years Ghon’s student, Ter- 
plan,’ in his studies on tuberculous foci 
has pointed out that reinfection can pro- 
duce typical tuberculous complexes in the 
lung “‘heretofore considered as the char- 
acteristic sign of primary tuberculosis 
exclusively.” In his anatomical observa- 
tions he was not able to differentiate be- 
tween the remnants of a second infection 
and the typical primary tuberculous 
focus. He stated that ‘“‘the second complex 
... seemed to undergo the same regres- 
sive changes with encapsulation and 
chalky degeneration pointing to complete 
calcification as the ultimate result.” 
Sweany’ attempted the anatomical differ- 
entiation between the older and newer 
tuberculous foci on autopsy material and 
also demonstrated their development roent- 
genologically; the latter contribution 


showed that certainly in the roentgeno- 
gram the finished product of either variety 
is indistinguishable from the other. 

Our own clinical and roentgenologic 
observations revealed great similarity and, 
in many cases, complete parallelism be- 
tween the primary and assumed superin- 
fection focus except for the previously 
mentioned difference in time which the 
average case of either variety consumes 
for the process of complete calcification 
(Fig. 3, 4, and 5). 

In numerous examinations of persons 
who were known to have been exposed to 
recent tuberculous infection, mostly by 
family contact, small, usually cdseous 
lesions were found in the lung fields on 
roentgen examination. Hardly any of these 
foci had caused symptoms, and _ they 
would not have been discovered at that 
stage but for a rule of the Chest Clinic to 
invite all contacts of our patients with 
active pulmonary tuberculosis to have a 
roentgen examination of the chest. Some 
of these small infiltrates were observed 
to disappear by reabsorption in the course 
of a few months or years. Others persisted 
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with slowly progressive encapsulation, 
deposition of calcium salts, and eventually 
calcification. It seems that many such 
atients, through excellent immunity, are 
able speedily to isolate the focus which 
has caseated after a localized infection has 
occurred in the lung tissue as the result 
of massive inoculation. The age of persons 
in whom these observations were made 
ranged up to sixty-seven years. In a few 
adults the formation of calcified foci was 
observed without any known preceding 
exposure to the organisms which could 
have caused the lesions by direct exoge- 
nous superinfection. In these patients the 
endogenous reinfection etiology can be 
assumed to be likely. 

As in Terplan’s observations, some of 
the lesions in question had developed in 


Fic. 5. Development of adult—possibly endogenous—reinfection foci. Unit No. 15600, M. P. H., female, aged 
thirty. Several members of the immediate family had pulmonary tuberculosis but there was no known con- 
tact for some time preceding discovery of the lesions. 4, roentgenogram taken in 1929 on occasion of a gen- 
eral examination failed to show pulmonary involvement. B, in 1939 two irregularly shaped but sharply 
outlined foci of little density in the left subapical area. At that time patient had mild systemic symptoms. 
C, in 1933 the foci were more sharply circumscribed and of greater density. Patient was clinically well at 
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addition to pre-existing calcified foci in 
the lung parenchyma or the tracheobron- 
chial lymph glands or both, thereby dem- 
onstrating their superinfection nature. 
From this it would follow that parenchy- 
mal calcifications found together with 
calcified glands may have resulted from 
an attack of infection different in time 
from that causing the development of the 
adenopathy. This would mean that the 
etiologic unity as to time, of a complex 
consisting of parenchymal and glandular 
involvement in the calcified state, cannot 
be taken for granted. 

If the possible superinfection origin of 
the so-called Ghon’s tubercle can be con- 
sidered as established, it is only a step to 
the speculation that even a child’s calci- 
fied focus may not be the remnant of a 


— 


that time. D, in 1937 there was complete calcification of the foci, then much reduced in size. 
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first infection in the strict sense of the 
word. Some of us have long abandoned the 
concept of a single inoculation from which 
primary lesions result, and prefer to speak 
rather of a primary infection period during 
which several or many inoculations with 
the tubercle bacillus occur, one of which, 
but not necessarily the first one, results in 
the petrified tubercle; in other words, 
even the true Ghon’s tubercle of early life 
may be the expression of a reinfection 
superimposed on the truly first lesion 
which we know frequently is absorbed, 
leaving no macroscopic residuals. 


CONCLUSIONS 


It seems logical on the basis of such evi- 
dence that a re-evaluation of the so-called 
Ghon’s tubercle or primary tuberculous 
calcification is needed. In the light of our 
present knowledge, the only justifiable 
interpretation that can be placed on the 
finding of a calcified tuberculous lesion by 
roentgen examination is that it represents 
the innocuous residual of a tuberculous 
infection, either a primary infection or re- 
infection at some prior time, either in 
childhood or adulthood, without its being 
possible to determine the time at which 
the infection occurred. 

Therefore the term, ““Ghon’s tubercle” 
should either be dissociated entirely from 
the time element and applied to all small 
calcifying or calcified tuberculous foci 
regardless of age, or if it is to be retained 
as signifying the residuals of a childhood 
infection it should be applied only when 
the calcified residuals are found in the 
child. 

SUMMARY 

1. The childhood origin of all so-called 
Ghon’s tubercles is to be doubted. 

2. Through large scale pathologic and 
roentgen examinations, the greater inci- 
dence of calcified foci in higher age groups 
has been established. 


3. The majority of such lesions origi- 
nating during adult life can be traced to 
exogenous superinfection of individuals 
who are known to have been exposed to 
infection as adults. 


4. Serial roentgenographic evidence of 
the development of calcifying foci in 
adults is presented. 


5. They cannot be differentiated from 
childhood (primary) lesions. 


6. The concept of the true primary 
nature even of the childhood calcification 
can be doubted. 


7. The term, “Ghon’s tubercle,”’ should 
be dissociated from the time at which the 
infection occurred or should be limited to 
foci found in children only. 
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TEN THOUSAND CHEST EXAMINATIONS WITH THE 
STEREOSCOPIC PHOTOROENTGEN UNIT* 


By JOSEPH LEVITIN, LIEUTENANT COLONEL, M.C. 


Roentgenologist, San Francisco Recruiting and Induction District 


SAN FRANCISCO, CALIFORNIA 


je problem of tuberculosis in the 
Army is the discovery of the minimal 
lesions that exist without symptoms. 
Many of these lesions are latent and might 
remain so under ordinary conditions of 
life. In Army life, fatigue and a lowered 
resistance may activate these latent foci, 
so that the individual in question may be- 
come a casualty and a burden on the gov- 
ernment for the rest of his life. It is 
estimated that each case of tuberculosis 
in the last war cost the government be- 
tween $10,000 and $15,000, the total cost 
reaching over one billion dollars. 

The best way to detect these latent le- 
sions is by roentgen examination.®:*” Phys- 
ical examination alone is inadequate, for 
physical signs in most instances are lack- 
ing. Moreover, chest surveys by the roent- 
gen ray are not new. The reader is referred 
to the excellent articles by Robins and 
Ehrlich'! who examined 20,000 in New 
York City using an emulsion on a paper 
base; by Richards,’® who reported on over 
300,000 cases, examined for the Canadian 
Army using 14X17 inch films; and by 
Edwards and Ehrlich,‘ who reported on 
over 50,000 inductees and National 
Guardsmen in New York City using the 
paper roll. Pindell® recently reported a 
series of 2,107 cases using the photoroent- 
gen unit and taking 4 X§ inch single films. 
All agree that group survey by roentgen 
examination of the chest is satisfactory, 
the results justifying the work and ex- 
pense involved. 

The photoroentgenoscope used at this 
station is made by the General Electric 
Corporation. Films are taken stereoscop- 
ically. The apparatus and the technique 


of its use are described in the excellent 
articles by Potter’* who collaborated 
with the General Electric Corporation in 
its development; by Lieutenant Colonel 
de Lorimier+:? who was instrumental in its 
development for the Army, and by Pindell. 

In the past questions were raised re- 
specting the diagnostic accuracy with which 
the 4X5 inch film could be used—such 
questions being directed essentially at the 
technical qualities of density, contrast, and 
detail, and the influence they have on the 
readability of a film. To obtain the best 
results with 4X5 inch film, time, experi- 
ence, and improvements show that con- 
sideration must be given to the use of the 
proper type of developer and film and to 
the use of a fine, stationary grid. 

In the first place ordinary developer 
would necessitate a long developing time 
which increases the chemical fog. High 
speed developer shortens the developing 
time so that six minutes at 65° F. can be 
used and chemical fog can be avoided. 

Second is the use of the single coated 
film. It gives better detail because there is 
one image instead of the two present on 
the double coated film. The significance of 
this was pointed out by de Lorimier*® who 
brought out the fact that we are dealing 
with light waves from the fluorescent 
screen to sensitize the emulsion on the 
film rather than roentgen rays. When the 
double coated film is used the light waves 
are refracted when passing through the 
front layer of film emulsion and through 
the film base. About 30 per cent of this 
light goes through the film, finally to be- 
come effective upon the back layer of 
emulsion. The blurred image of the second 


* This paper is published with permission of the Surgeon General, War Department, U. S. Army, who assumes nd responsibility for 


statements made or conclusions reached herein. 


t Director of the Department of Roentgenology in the Army Medical School. 
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emulsion is superimposed upon the 
sharper image of the first emulsion which 
accounts for the considerable unsharpness 
of detail when using the old type roentgen 
films for photographing the fluoroscopic 
image. 

Another advantage of the single coated 
film is the greater latitude and range in 
gradation of densities. This is true be- 
cause there are two emulsions coated one 
on top of the other. Hence we are less apt 
to lose detail in the outer zone when the 
central zone is overexposed. 

The arrangement of the lens in the 
camera is such that there is greater con- 
centration of light in the central zone. 
This is seen on the old type film as a dark 
central area. The increased latitude in 
single coated films offsets this disadvan- 
tage to a great extent and the film shows a 
more even exposure. This film has less 
contrast than the old type double coated 
and requires the use of a stationary grid 
to diminish secondary rays and build up 
contrast. 

All these factors tending to improve the 
film must be compensated for by increase 
in kilovoltage or milliampere-seconds. 
The miniature film takes about 10 kv. 
more than the conventional 14 X17 inch 
film; the use of the grid requires either 
doubling the milliampere-seconds or an- 
other increase of from to to 12 kv. The 
single coated emulsion film also requires an 
increase of about 4 kv. All this throws a 
greater burden on the tube and shorter life 
must be anticipated than on the conven- 
tional roentgen-ray installation. 

The diagnostic value of these smaller 
films has been excellent, and it is only in 
the exceptional case when the individual 
measures over 30 cm. that a 14X17 inch 
film is taken. It has never been necessary 
to take a 14X17 inch film in order to 
check a doubtful shadow. The stereo- 
scopic shift giving .wo views clarifies 
doubtful shadows, throwing small shad- 
ows obscured by the ribs in one view into 
the interspace in the other. De Lorimier 
rated the 4X5 inch stereoroentgenogram 
of greater diagnostic value than the single 


14X17 inch film. In his experience he 
found that early lesions of reinfection 
tuberculosis are made more conspicuous 
on the miniature films than when pro- 
jected into the larger dimensions of the 
14 X17 inch film. 

This increase in sharpness is easily un- 
derstood when we realize that the grain of 
the fluorescent screen is reduced in pro- 
portion of 14 X17 to 4X¢§ inch. This view 
of the greater efficiency of the 4X5 inch 
film is also shared by Christie! who states 
that for minimal lesions he feels more cer- 
tain of their detection by means of two 
4X5 inch films made with a tube shift 
than with a single 14 X17 inch film of the 
best quality. Shifting of the tube serves to 
uncover portions of the lungs which may 
have been obscured by bones or other 
structures in the roentgenogram. It is the 
minimal lesion which is most significant. 
Large lesions ca be easily demonstrated 
on any type of procedure. If the case 
should require further study, the stereo- 
scopic film is available. 

Another factor favoring the 4X5 inch 
film is that they can be interpreted with 
less fatigue for the roentgenologist. As de 
Lorimier states, the scope of the visual 
concentration is limited and a study of a 
14 X17 inch film is comparable to viewing 
6 to 8 miniature films. This is an impor- 
tant factor in survey work where from 200 
to 400 films are to be diagnosed daily. 
Viewing small dimensions requires fewer 
fields of visual concentration and the in- 
creased sharpness of densities in the lung 
makes them more conspicuous. His con- 
clusion is that the miniature stereo films 
are best for a case finding procedure. 

For diagnostic purposes, oblique and 
lateral views on conventional sized films 
can be obtained. 

Diagnostic accuracy has been checked 
by others in comparative studies of the 
4X5 inch film versus the 14X17 inch. 
Potter, Douglas and Birkelo® found the 
percentage of error as 2.6 on the 4 x5 inch 
film among 271 cases checked by the large 
film. In nearly every instance the minimal 
lesions were superimposed over rib shad- 
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ows in the small film. This, of course, is 
obviated by the two views obtained with 
the stereoscopic shift. The reverse now 
holds true, a small lesion missed behind a 
rib in a single 14 X17 inch film is thrown 
into the interspace by the different posi- 
tion on the stereoscopic film. Ezra Bridge 
(quoted by Pindell)® also reported on the 
examination of 1,000 patients at lola 
Sanatorium with the 14X17 inch film 
and the small 45 inch film. Of the 130 
minimal cases found, 2, or 1.5 per cent, 
were missed on the miniatures. At that 
time a system for producing or using the 
stereofilm was not available. 

A strict comparison of results of inter- 
pretation of the 4X § inch films with 14 X17 
inch films is difficult. If the results of one 
individual reading 4X5 inch films is com- 
pared with that of one reading the same 
cases of 14X17 inch films we must take into 
account the error inherent in the individual. 
No two individuals would read 1,000 roent- 
genograms alike, and even the same indi- 
viduals would read the same 1,000 roent- 
genograms with some changes at different 
times. The factor of fatigue of the roent- 
genologist also enters. Richards, reporting 
on chest roentgen examinations of the 
Canadian Army found that 11 cases out 
of 328,325 were missed, or a percentage 
error of 0.003. In each instance the lesion 
was overlooked by competent men and 
all agreed the lesion was present when the 
roentgenogram was reviewed. This per- 
centage is admittedly low but it is based 
on only review of those cases which sub- 
sequently showed active tuberculosis. 
They do not know how many were missed 
in the group that did not become active. 

The accuracy of either type of case 
finding procedure cannot be judged by the 
results. obtained if the same individual 
read a series of 4 X5§ inch films and a com- 
parable series of 14 X17 inch films on the 
same cases. 

Unless the series is large, the roent- 
genologist could not help but carry a 
visual memory of the few positive and 
doubtful of the first series in his mind, and 
subconsciously look for them in the second 


series. No one, to date, has reported a se- 
ries large enough to avoid such an error. 

An idea as to the accuracy of the stereo 
4X5 inch film as compared to the 14 X17 
inch film may be gained by a comparison 
of the percentages of reinfection tuber- 
culosis found if the material is based on 
the same cross section of population. This 
has added accuracy if they are reviewed 
by the same individual. 

Before the photoroentgen unit was 
established at this station, the men were 
sent to private roentgenologists for 14 X17 
inch single chest roentgenograms. I had 
the opportunity of reviewing 2,410 of 
these roentgenograms. The incidence of 
reinfection tuberculosis in this group was 

2 per cent. This compares to 1.36 per 
cent found on the stereo 4 x5 inch roent- 
genograms based on 10,000 cases exam- 
ined at this station. This difference does 
not imply that the 4X5 inch films are 
0.16 per cent more accurate. The sampling 
error in each group must be considered 
and their result compared. 

The statistics of each group were an- 
alyzed by Dr. E. L. Lucia and her con- 
clusion was that there is no difference in 
the effectiveness of diagnosis between the 
two types of film.* 

*In sample 1 a positive rate of 13.6 per 1,000 was observed 
among 10,000 examinations made. 

In sample iI, the number of positives was 12.0 per 1,000 among 
2,410 examinations, 

The difference between these two rates is 1.6 per 1,000. 
To determine whether or not this difference is significant, it is 


necessary to calculate the sampling errors for each of these rates. 
The formula reads: 


/ pigs 


op, = 
where p: (the chance of success) is 13.6 per 1,000 and gq: (the 
chance of failure) is 987.4 per 1,000, or the difference between 
1,000 and the chance of success: 1,000 —p: =g:. 

By substituting the values for sample 1, we have 

3.6 X987.4 
=4/ 1.34 =1.158. 
10,000 
The rate may be written as 13.6 per 1,000 + 1.158. 
Similarly substituting the values for sample 11, we have 


/12 Xg88 
Tp, = 4/ 4.92 =2.218. 
Pe 2410 9 
The rate may now be written as 12 per 1, +2,218, 


The formula for the sampling error of the pr tae of propor- 
tions is as follows: 
_ 
ns 


By substituting the squares of the values obtained for the sam- 
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Fic. 1. Normal chest. Stereoscopic roentgenograms 
taken on a single 4 X1Io inch film; single coated 
emulsion. To be viewed on the orthostereoscope 
specially designed for the purpose. The image is 
magnified about twice by the stereoscope. 


In addition to the accuracy of the diag- 
nosis and less fatigue in its interpretation, 


pling of p. and p:, we find V 1.34 +4.92 = V 6.26 =2.5 

The difference between 13.6 and 12.0 which is 1.6 has been 
found to have a sampling error of 2.5, a value greater than the 
difference itself. From the standpoint of the statistical analysis 
it is customary to state the sampling error of the difference of 2.5 
that the difference should be at least 7.5 to be signifiacnt, all other 
things being equal. A difference of 1.6 may therefore be said to 
have no significance whatsoever. Dr. E. L. Lucia. 

Associate Professor of Biometry, Department of Hygiene, Uni- 
versity of California. 


Joseph Levitin APRIL, 1943 


another factor of importance to be con- 
sidered where we are dealing with surveys 
of large numbers is the ease of handling 
the smaller film which requires less devel- 
oping, drying space and storage room. 
This report is based on 10,000 con- 
secutive roentgenograms of chests of men 
coming for final type physical examination 
prior to induction in the United States 
Army. All have had a preliminary screen 
examination by their local draft board. 
Those obviously suffering from or being 
treated for conditions exempting them 
from the Army are not sent in. In addi- 
tion ‘to this group making up the series 
are a small number of those seeking en- 
listment. It can be stated that the group 
is made up of men considered as fit appli- 
cants for military duty. Not one is receiving 
a chest roentgenogram because he requires it. 
The roentgenograms are interpreted as 


Fic. 2. The only complaint of this individual was 
laryngitis. The roentgenogram shows a large cav- 
ity measuring about 8 cm. in diameter at the right 
apex with nodulations and fibrosis of the right up- 
per lobe. Fibrosis and nodulation involving the left 
upper lobe. The roentgenogram was taken on the 
double coated emulsion. In comparing with Figure 
1, note the hazy outline of the vascular markings 
and the lack of sharpness of the ribs. The roent- 
genogram also shows more contrast, but poorer de- 
tail. 
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to primary tuberculosis and reinfection 
type. All reinfection types are disqualified 
for unlimited service even though healed. 
The primary types with calcifications were 
accepted for the first 6,927 cases. A later 
ruling disqualified those with calcifications 
where there were more than five calcified 
hilar glands or where one has a diameter 
of 1.5 cm. or larger (measured on the 14 X 
17 inch film). Also eliminated were those 
with parenchymal calcifications of more 
than five in number and where one meas- 
ured 1 cm. in diameter or larger (14X17 
inch film).* The cases with these calcifica- 
tions, although rejected, are tabulated 
under calcified lesions. 

All cases showing reinfection tubercu- 
losis were grouped as to whether they ap- 
peared healed or active on the roentgeno- 
gram. It is admittedly dangerous ground 
to determine activity on the roentgen ap- 
pearance of the lesion. The leaning was 
toward conservatism in the diagnosis of 


~ 


Fic. 3. This individual has been under treatment by 
various doctors for asthma for the past four years. 
No one had ever ordered a roentgen examination 
of the chest. The roentgenogram shows extensive 
fibrosis involving both lobes. The heart is small, 
with the mediastinal structures displaced to the 
right. (Single coated film.) 


* Latest ruling allows ten calcifications in the parenchyma. 


Fic. 4. This individual had no complaints or previous 
history of illness. He is a food handler of uncooked 
vegetables. Both upper lobes show considerable 
fibrosis. Cavity about 7 cm. in diameter at the Jeft 
apex; one 3.5 cm. in diameter at the right apex. 
(Single coated film.) 


healed lesions. All lesions that were calci- 
fied, or showed sharply demarcated strand- 
like infiltration, were considered as healed. 

All others were considered active, even 
though many are cases of arrested tuber- 
culosis. This is the important group with 
which we are concerned from a public 
health standpoint and control of tuber- 
culosis. The active and the arrested cases 
are the ones either spreading the disease or 
the ones likely to break down. The healed 
and calcified cases are of interest for sta- 
tistical purposes. Active and arrested 
cases were the ones with soft nodulations, 
calcifications with periphery of lesser den- 
sities fading into the normal parenchyma 
and cavities. 

The histories of all reinfection type 
tuberculosis were obtained and data noted 
as to whether or not the individual ever 
had any symptoms or signs pointing to- 
ward a chest lesion. Positive histories were 
pleural effusion, hemorrhage, cough, loss 
of weight, fatigue, and past treatment for 
tuberculosis. A history was called nega- 
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Fic. 5. This individual had no complaints or previous 
history of illness. He is a food handler of uncooked 
vegetables. Extensive nodulations and fibrosis of 
both upper lobes. Cavity about 2 cm. in diameter 
in the sixth interspace at the left axilla and one be- 
neath the right clavicle. (Single coated film.) 


tive when the individual had had no symp- 
toms at any time referable to his chest. 

It was astonishing to find the number of 
men with active tuberculosis having no 
suspicion of the disease. Fourteen had 
cavities and had been passed up as 1A in 
their routine physical examination. One 
had an extensive tuberculosis and his only 
complaint was a laryngitis (Fig. 2). An- 
other had been treated for asthma for 
four years and had a fibrous tuberculosis. 
He had never been roentgenographed 
(Fig. 3). Also of interest were the number 
with cavities who were food handlers (Fig. 
4 and 5). 

Those rejected for chest conditions have 
their roentgenograms returned to their 
local draft board.* They are available to 
the men so that they may get proper 
treatment. 

All rejected cases at this station are re- 
ported to the San Francisco Department 


* Anew ruling sends roentgenograms of all rejected cases to the 
Director of State Selective Service. 


of Health. In return they report out of 
town cases to the State Department of 
Health. Of the first 69 cases of reinfection 
tuberculosis, residents of San Francisco 
County, reported to the Department of 
Health, 8 were hospitalized, 10 were sent 
to their private physicians, and 8 were un- 
able to be located. The rest were being 
treated in the clinic. 

The results of the first 10,000 cases 
studied are shown in Tables 1, 11, 111 and 
IV. 

DISCUSSION 


Those active cases of tuberculosis which 
have.had a positive previous history 
should give us no concern. They are a 
problem of a closer follow-up system for 
those who have been treated, or further 
education of the public for those with 
symptoms to consult a doctor. A survey 
of medical facilities, to see if they are 
available for those with symptoms, should 
bring these cases under control. This num- 
ber is the smallest of the whole group, only 
reaching 2 per 1,000. 


Taste I 
No. per 
Total 1,000 
No. Popu- 
lation 
Reinfection tuberculosis 136 13.6 
Calcifications, hilar and/or par- 
enchymal $3 53.6 
Other lung lesions 13 1.3 
*Cardiac abnormalities 45 4.5 
Dextrocardia 3 
Anomalies 
Vena azygos lobes 15 1.§ 
Cervical ribs 64 6.4 
Anomalies of ribs; fused, bifid 19 1.9 


* It is beyond the scope of this paper to analyze the cases of 
cardiac abnormalities; a subsequent report will tabulate the num- 
ber of cardiac rejections with normal roentgen findings, abnormal 
cardiac roentgen findings with normal clinical findings and the 
abnormal group where they both agree. 


Taste II 


Calcifications: total 536.0 in 10,000 cases 
Rejected because of too many or too large in 3.313 
cases 
Total 16.0 =4.8 per 1,000 population 
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TaB_e III 
LUNG LESION OTHER THAN TUBERCULOSIS 
TOTAL NO. =13 


No. per 1,000 
Population 


Pneumoconiosis 
Bronchiectasis 

Tumor 

Metastatic malignancy 
Pleural thickening 
Substernal thyroid 
Atelectasis 


0000000 


TABLE IV 
REINFECTION TUBERCULOSIS. TOTAL REJECTED 136 


Percentage Per 
of All j 
No. Tubercu- 
Popula- 
losis 
Cases 
A. Healed 65 6.5 
Active 71 52+ 7.1 
B. Previous history 
of tuberculosis 46 33+ 4.6 
No history go 66 + 9.0 
C. Positive history 46 cases 
Active 20 14+ 2.0 
Healed 26 19+ 2.6 
D. No history 90 cases 
Active* 51 37 
Healed 39 2 3-9 


* 14 active cases had cavities; 1.4 cases with cavities per 1,000 
population. 

The healed cases, likewise, are of no 
immediate problem. The number that 
have healed never being aware of their 
disease is 50 per cent greater than those 
who have been treated. 

What is of significance, from the public 
health standpoint and to the individual, 
are the 5 cases per 1,000 going about with 
active lung disease without symptoms, 
unaware of their illness. That this can be 
extensive is evident on some of the cases 
examined. Twenty-eight per cent of this 
group have cavities. 

CONCLUSIONS 
1. Roentgen examination offers the 


best present method of detecting the small 
minimal tuberculous lesions. 
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2. The 4X5 inch stereo film is the most 
satisfactory for chest surveys. It is more 
economical and easier to handle than the 
conventional single 14 X17 inch film and 
has the same, if not better, diagnostic ac- 
curacy. 

3. The incidence of reinfection tuber- 


culosis in a cross section of healthy adult 


male population between the ages of 
twenty-one and thirty-five is between 1.2 
and 1.35 per cent. Of this group over 50 
per cent are active or have an arrested 
disease. Two-thirds of those with rein- 
fection tuberculosis are not aware of hav- 
ing or having had the disease. 

4. Widespread tuberculosis with cavi- 
fation can be present without symptoms. 
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THE ROENTGENOLOGIC DIAGNOSIS OF DILATATIONS 
OF THE SPINAL CORD VEINS* 
REPORT OF A CASE 
By BERNARD S. EPSTEIN, M.D., and LEO M. DAVIDOFF, M.D. 


BROOKLYN, NEW YORK 


= dilatations of the spinal cord 
is an uncommon condition which is 
difficult to diagnose clinically. Routine 
roentgenographic examinations of the spine 
offer no help. In 1927 and 1929 two cases 
were reported in which iodized oil mye- 
lography revealed a peculiar distribu- 
tion of droplets of oil over two or more 
vertebral segments.*:’ These were the 
first instances in which the roentgeno- 
graphic findings were important. Black 
and Faber' reported a case in which the 
appearance of a Froin syndrome, a Queck- 
enstedt test changing from negative to 
positive after removal of spinal fluid from 
below the lesion and alterations in the dis- 
tribution of iodized oil within the spinal 
canal as seen on myelograms was believed 
indicative of spinal venous dilatations. 
Buchanan and Walker? also noted a pe- 
culiar distribution of oil within the spinal 
canal in a patient five years old. They did 
not consider this appearance characteris- 
tic of any specific entity. 

Intraspinal vascular dilatations may 
occur as true dilatations of the pial veins, 
as arterial or arteriovenous aneurysms 
or as hemangiomas. Because individual 
instances of arterial or arteriovenous 
aneurysms can be distinguished only with 
difficulty from true venous dilatations 
these two groups can be separated only on 
morphologic differences. They occur with 
approximately equal frequency and form 
go per cent of the cases reported.‘ The 
hemangiomas form a separate group and 
are neoplastic. 

One of the two usual explanations of- 
fered for the presence of non-neoplastic 
venous dilatations is the existence of some 


interference in the spinal venous circula- 
tion which results in varix formation. This 
concept is supported by the findings 
recently reported by Hare and Everts.' 
They describe a patient who developed 
calcifications within the spinal canal after 
an injury. Twenty-five years later varices 
were found above the calcific area at oper- 
ation, and they concluded that slowing of 
the venous circulation by pressure of the 
lime salt deposit had resulted in the for- 
mation of varices. The second explanation 
is the presence of congenital anomalies in 
the development of the veins resulting in 
angiomas.* The case we are reporting 
probably falls into the latter group. 

The importance of the condition de- 
pends on the extent of the dilatations and 
the resultant increase in intraspinal pres- 
sure. Minute dilatations may exist with- 
out producing symptoms, such as have 
been mentioned by Kaydi'in patients who 
had no evidence of central nervous system 
disease. 

The distribution of iodized oil within 
the spinal canal offers a roentgenologic 
approach to the diagnosis which is worthy 
of more detailed description. The dilated 
veins lie in the spinal canal surrounded by 
the cerebrospinal fluid. Depending on the 
degree of engorgement, various pressure 
points may be produced within the spinal 
cord and the circulation of the spinal fluid 
may be impeded. Inasmuch as the veins 
may on occasion be dilated and at other 
times collapsed, a constant roentgenogra- 
phic picture should not be anticipated. If 
the fluid is displaced by the iodized oil, the 
varices dilated at the time show up as a 
pattern of negative serpentine shadows 


* From the Radiologic Service of M. G. Wasch, M.D., and the Neurosurgical Service of L. M. Davidoff, M.D., The Jewish Hospital 


of Brooklyn. 
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because the oil cannot cover the dilated 
veins. 

We are presenting a fifth case with 
roentgenographic findings. The diagnosis 
was established preoperatively by one of 
us (L. M. D.) on the basis of the myelo- 
grams. 


REPORT OF CASE 


J. S., male, aged forty-three, had noted pins 
and needles sensations over the right buttock 
and the right lower extremity for eleven years. 
The onset of the paresthesias was sudden, and 
the initial attack lasted two weeks and then 
disappeared spontaneously. Since then there 
had been frequent recurrences varying from a 
few minutes to several hours in duration and of 
varying degrees of pain. These episodes ap- 
peared without apparent cause and disappeared 
without sequelae. The patient had noted dif- 
ficulty in starting and stopping his urinary 
stream for about ten years before admission. 
Five years ago cystoscopic examination and ex- 
amination of the prostatic secretion were re- 
ported as normal. 

The patient remained in relatively good 
health until one year ago. At that time he noted 
weakness of his right lower extremity and 
stumbled frequently, most often with his right 
foot. Two weeks before admission dull constant 
pain in the lower spinal region appeared, and 
one week later there was numbness without 
paresthesia of the right lower limb. The day be- 
fore admission numbness appeared in the left 
foot. He had had three episodes of uncontrolla- 
ble shaking of the right lower extremity during 
the five months before admission. Each episode 
lasted about five minutes. 

Physical Examination. The patient was well 
developed and nourished. He walked with dif- 
ficulty, his right leg was stiff and he shuffled his 
right foot along the ground. There was a posi- 
tive Romberg sign, although he did not fall to 
any particular side. The motor power of the 
neck, upper extremities and trunk was good. 
There was weakness of both lower extremities, 
particularly in the right hamstring group. 
Moderate hypesthesia from the level of the 
seventh and eighth thoracic segments to the 
first lumbar segment anteriorly and posteriorly 
was present. Below the first lumbar segment the 
hypesthesia was less marked. The perception of 
vibration was absent from both lower extremi- 
ties, and just perceptible at the anterior iliac 


Diagnosis of Dilatations of the Spinal Cord Veins 


Fic. 1. “Spot”? roentgenogram taken under roent- 
genoscopic control demonstrating a large varix in 
the lower cervical region. The varix is outlined by 
the parallel serpentine distribution of the iodized 
oil. A smaller varix is seen in the mid-cervical and 
upper thoracic region. 


spines. There was loss of position sense of the 
big toes. The finger-to-nose test was performed 
satisfactorily. The heel-to-knee test showed 
marked loss of position sense bilaterally. There 
was no dysdiadokokinesia. 

Examination of the cranial nerves showed no 
evidence of abnormal responses. The Babinski 
reaction was doubtfully positive on both the 
right and left sides. The knee jerks, ankle jerks, 
biceps, triceps, radial and ulnar reflexes were 
intact. There was tenderness over the spine 
from the twelfth thoracic to the fourth lumbar 
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Fic. 2. 4, “spot” roentgenogram showing varix at the level of the tenth, eleventh and twelfth thoracic verte- 
brae. B, roentgenogram taken three days later showing alteration in the distribution of the iodized oil. 
Another varix at the level of the seventh thoracic vertebra can be demonstrated. 


vertebrae. The rectal sphincter tone was good. 
The abdominal reflexes were absent. 

Spinal tap showed an initial pressure of 138 
mm. of water, which fell to 84 mm. of water 
after the withdrawal of 10 cc. of fluid. There 
was no evidence of manometric block. The total 
protein was 120 mg. per 100 cc. Globulin was 2 
plus. The Wassermann reaction was negative. 

Direct roentgenographic examination of the 
spine showed no evidence of an osseous patho- 
logical condition. The measurement of the inter- 
pedicular spaces according to the Elsberg and 
Dyke curve was normal. 


Examination of the spine after the introduc- 
tion of 2.5 cc. of iodized oil showed no evidence 
of block. Roentgenoscopic inspection revealed 
free flow of oil from the caudal sac to the cervi- 
cal region. Roentgenographic examination re- 
vealed the presence of numerous negative 
shadows with smooth, parallel sides. These were 
present in the lumbar, thoracic and cervical re- 
gions, and measured up to I cm. in width. The 
findings were interpreted as due to serpentine 
venous dilatations over the entire spinal cord. 

A laminectomy exposing the seventh, eighth 
and ninth thoracic vertebrae was performed. 
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Incision of the dura revealed a thick vermiform 
varix about 5 mm. in diameter on the dorsal as- 
pect of the cord extending cephalad and caudad 
beyond the limit of the operative field. The 
varix was bluish red, and as far as could be as- 
certained did not appear to be thrombosed at 
this particular site. The lesion was considered 
inoperable and the wound was closed in layers. 

Following operation the patient was in con- 
tinual severe pain. He died suddenly about two 
weeks later. Autopsy permission could not be 
obtained. 

COMMENT 

From a clinical point of view, the varia- 
tion in the symptoms with exacerbations 
and marked remissions may be significant 
for this type of lesion since it probably 
indicates variations in the degree of vascu- 
lar dilatation in the lesion. Another very 
important point is the considerable in- 
crease in total protein in the cerebrospinal 
fluid (120 mg. per 100 cc.) in the absence 
of a manometric block. This would sug- 
gest that transudation may occur through 
the thin-walled blood vessels which com- 
prise the lesion. 

We believe, as was true in our case, 
that the diagnosis can be made from lipio- 
dol myelography, but that the above 


CERO 


Diagnosis of Dilatations of the Spinal Cord Veins 479 


points in the clinical record may lead toa 
suspicion of the correct diagnosis before 
myelography is done. 
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EXPERIENCES WITH ROENTGEN IRRADIATION 
FOLLOWING OPERATION ON BRAIN TUMORS* 


By STUART N. ROWE, M.D., F.A.C.S., and HAROLD W. JACOX, M.D. 
From the Landon Surgical Clinic and the Department of Radiation 
Therapy, Western Pennsylvania Hospital 


PITTSBURGH, PENNSYLVANIA 


Shwe treatment of patients suffering 
from gliomas of the brain is for the 
most part unsatisfactory and as depress- 
ing as is the treatment of rapidly growing 
neoplasms in other parts of the body. 
However, we have been impressed by the 
good palliative results often obtained in 
seemingly hopeless conditions by opera- 
tion and subsequent irradiation, and have 
been prompted thereby to review our ex- 
perience in this field. We have collected a 
group of cases of known cerebral gliomas 
(excluding pituitary neoplasms, metastat- 
ic tumors and meningiomas) and a group 
with strong presumptive evidence of such 
a lesion, with follow-up observation of at 
least one year of the patients who are liv- 
ing. The known tumors consisted of 8 
glioblastomas (multiforme), 6 medullo- 
blastomas, 5 astrocytomas, and 2 mixed 
gliomas. In 12 patients no tumor tissue 
could be obtained at operation. From the 
standpoint of location there was a wide 
diversity, essentially every area of the 
brain being represented with the exception 
of the occipital lobe. These 33 cases have 
not been considered adequate material 
for a statistical study, but we feel they 
indicate the trend of our clinical experi- 
ence. 

While it is the purpose of this paper to 
discuss therapy primarily, one or two re- 
marks concerning diagnosis may be apro- 
pos. In several instances delay in estab- 
lishing the diagnosis may have handi- 
capped the treatment. The error usually 
resulted from the incorrect interpretation 
of an isolated symptom such as vomiting, 
generalized convulsions, or impaired vi- 
sion. We have been impressed with the 


value of ventriculography and have em- 
ployed it in two-thirds of these patients. 
Although its use appears to be a confes- 
sion of weakness in neurological localiza- 
tion or diagnosis, we feel that the benefits 
derived are manifold. The ventriculogram 
permits a minimal-sized surgical exposure 
and to some extent indicates the depth of 
the lesion, and.even if the tumor cannot 
be reached at operation the films provide 
a reasonable basis for diagnosis and local- 
ization. This last point may be very vital 
in deciding upon the use of radiation 
therapy and choice of fields if it is used. 
We have found postoperative ventriculo- 
grams much more difficult to carry out 
adequately and to interpret. 

In the cases of verified tumor only one 
gross error of localization was made—the 
rather classic one of mistaking a tumor 
close to the third ventricle for a lesion in 
the posterior fossa. Fortunately, this pa- 
tient survived the negative cerebellar ex- 
ploration as well as a later ventriculogram 
and correctly placed surgical attack (see 
Case 

The effects of operation alone were dif- 
ficult to determine. The time interval be- 
tween the surgery and irradiation was 
usually short—varying from ten days to 
two months with an average of three 
weeks—thus permitting estimation of im- 
mediate results only. On this basis, as far 
as could be judged, about half the patients 
were definitely benefited by surgical re- 
moval of the tumor or by decompression. 
Doubtless in an additional group some of 
the later improvement was related to 
operation as well as to irradiation, a point 
which will be considered below. 


* Read before the American Academy of Neurological Surgery, San Francisco, California, Nov. 15, 1941, and the Pittsburgh Surgical 


Society, Jan. 16, 1942. 
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The technique of the roentgen therapy 
was not marked by startling innovations. 
Instead of adopting any fixed numerical 
maximum exposure, we aimed to irradiate 
each patient to the limit of his tolerance. 
Treatment with high voltage roentgen 
rays (200 kv. and 0.5 mm. copper filtra- 
tion) was begun slowly in an effort to min- 
imize the reaction—particularly elevation 
of intracranial pressure—but if the pa- 
tient’s general condition and the tolerance 
of the scalp would permit, rather large 
total amounts were given (up to 3,400 r, 
measured in air, to one portal and totals 
of 7,700 r divided among four portals). 
Usually exposures of 100 to 200 r were 
given daily except Sunday, for approxi- 
mately three weeks. Subsequent series 
were administered chiefly when the begin- 
ning of a clinical decline indicated their 
need (unless the condition of the scalp 
demanded further delay), the shortest 
interval between series being four weeks. 
We have not used radiation therapy 
through the open wound. 

Obviously numerous factors affect the 
results of roentgen treatment (location of 
the tumor, size of the tumor, age and gen- 
eral condition of the patient, etc.), but 
certainly the pathologic type of neoplasm 
is of primary importance. 

The glioblastoma multiforme (or spon- 
gioblastoma multiforme) is perhaps the 
most discouraging type of cerebral tumor. 
Frequently the lesion is far advanced 
when seen by the neurosurgeon, usually 
its depth and extent make complete re- 
moval impossible, and even after block 
resection its tendency to recur is noto- 
rious. Here would seem to be an ideal field 
for roentgen therapy. However, we have 
encountered two difficulties: First, a 
number of our patients were so ill that 
the burden of large amounts of roentgen 
radiation could not be added. Even with 
preliminary decompression or partial re- 
moval, adequate therapy could not be 
tolerated by the patient and the general 
down-hill course could not be halted. In 
another group the tumor was apparently 


unaffected by irradiation and continued 
its rapid growth. In approximately half 
our patients the results were hampered by 
one or the other of these factors. In the 
remaining cases, particularly when most 
of the tumor could be removed and exten- 
sive irradiation tolerated, worthwhile pro- 
longation of the patient’s confortable and 
useful life occurred. Such a result is illus- 
trated by the following case: 


Case 1. L. M., white male, aged forty-five, 
was well until two years before admission when 
he suddenly experienced a fainting spell, fol- 
lowed by severe headache. A year before en- 
trance the same thing happened again and this 
was followed by nausea and vomiting and occa- 
sional headaches. The headaches gradually be- 
came more severe and in the last nine months 
were localized to the left temporal region. 

The patient was first studied by one of us 

(S.N.R.) in the Veterans’ Administration Facil- 
ity, Aspinwall, Pennsylvania, where the clinical 
picture was suggestive of an intracranial aneu- 
rysm with repeated subarachnoid hemorrhage. 

When he was seen two months later neurolog- 
ical examination showed choked discs of about 
two diopters, complete loss of the temporal 
visual field on the right and slight cutting of the 
nasal field of the left eye, and a marked mixed 
aphasia. Ventriculograms disclosed a shift of 
the entire ventricular system to the right, and a 
defect in the temporal and parietal portions of 
the left lateral ventricle. 

At operation (November 2, 1940) a large, in- 
filtrating, partly necrotic tumor was almost 
totally removed from the posterior portion of 
the left temporal and anterior part of the left 
parietal lobes. Microscopic section showed a 
typical glioblastoma multiforme. 

Eleven days postoperatively the patient re- 
ceived the first of a series of high voltage roent- 
gen treatments to two portals, cross-firing the 
left temporoparietal region. Each portal re- 
ceived 2,100 r (measured in air) within a period 
of eighteen days at the rate of 200 r per day. 

The patient made a steady recovery with 
complete disappearance of all symptoms and 
more than one year after operation remains in 
good condition. He has been working full time 
for the past six months. 


Medulloblastomas: are generally con- 
sidered to be the most radiosensitive of the 
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gliomas,—indeed a preliminary trial of 
roentgen therapy has been advocated for 
clinically suspected tumors of this type. 
Fearing the development of fatal medul- 
lary compression we have not used such 
preoperative treatment. Despite their 
radiosensitivity the clinical response to 
irradiation was less than we anticipated in 
our series. The failures seem to result 
either from a tendency of the tumor to be- 
come radioresistant or the development of 
cord metastases which recurred in spite 
of intensive therapy. It may be argued 
that the latter difficulty ensues because 
the operative attack leads to seeding of 
the tumor down the spinal canal but in 
one instance in this series spinal metas- 
tasis occurred before operation. The fol- 
lowing case is representative of our experi- 
ence: 


Case 11. A. Z., male, aged seventeen, referred 
by Dr. S. B. Meyers, of Johnstown, Pennsyl- 
vania, had been troubled for about one year by 
dizziness upon bending over. Five months be- 
fore entrance left-sided tinnitus, headaches and 
pain in the back of the neck followed by nausea 
and vomiting developed. These symptoms be- 
came steadily worse until admission. 

Examination revealed only very slight bi- 
lateral signs of cerebellar dysfunction and bi- 
lateral papilledema of four dipoters. Routine 
roentgen examination of the skull showed prom- 
inent convolutional markings in the frontal and 
parietal regions, but no other abnormalities. 
Ventriculograms demonstrated enormous dila- 
tation of the lateral and third ventricles with 
obstruction of the lower end of the aqueduct. 

The usual suboccipital craniectomy revealed 
a soft reddish tumor in the left cerebellar hemis- 
phere which also infiltrated the vermis and the 
floor of the fourth ventricle. Only a small por- 
tion of the tumor was removed for biopsy, the 
pathologic report being “‘protoplasmic astrocy- 
toma.” 

Beginning ten days postoperatively the pa- 
tient received 3,000 r (measured in air) in 
twenty days to a field 8 by Io cm. in size di- 
rectly over the cervico-occipital region, given at 
the rate of 100 to 200 r per day. He made an ex- 
cellent recovery and was normal except for 
slightly impaired vision for three months when 
he returned complaining of numbness of the 


right leg and left chest, suggesting spinal cord 
involvement. During this admission 1,400 r to 
each of three long narrow portals over the entire 
spine was given and the symptoms disappeared. 
He returned in four months with signs and 
symptoms of cerebellar recurrence and 2,500 r 
was given to the suboccipital region and 600 r 
to each of three portals over the spine. The pa- 
tient showed only slight response, however, and 
died two and one-half years from the date of 
onset or one and one-half years from the begin- 
ning of treatment. 


In retrospect it is possible to see several 
defects in the handling of this patient. 
The biopsy was somewhat traumatized— 
which contributed to the erroneous patho- 
logic diagnosis. Furthermore, when the 
spinal metastasis indicated the correct 
diagnosis of medulloblastoma, therapy 
was not given over the cerebrum. Al- 
though no clinical evidence of such a le- 
sion existed, it is barely possible that 
intraventricular metastases may have 
been present. Nevertheless, the local re- 
currence of the tumor despite previous 
heavy irradiation emphasizes the terminal 
radioresistance of this tumor. 

It is generally agreed that astrocytomas 
grow slowly, are radioresistant, and oc- 
casionally are amenable to complete sur- 
gical extirpation. On the basis of these 
beliefs irradiation is used relatively infre- 
quently in combatting such tumors and 
our experience is limited to § patients, 
who for varying reasons received therapy. 
Two of these appeared to be benefited, 
and a summary of the record of one may 
be of interest. 

Case 11. P. G., female, aged six, one of a set 
of twins, referred by Dr. M. H. Weinberg, was 
in good health until September 1, 1939, when 
she began to have intermittent projectile vomit- 
ing, unsteadiness of gait and balance, impaired 
vision and urinary incontinence. These symp- 
toms progressed during the four months before 
her admission. Examination showed the classi- 
cal signs of a cerebellar tumor of the left hemi- 
sphere with no evidence of brain stem involve- 
ment. 

Ventricular estimation indicated an internal 
hydrocephalus. Operation (January 4, 1940) 
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using a cerebellar approach did not reveal the 
tumor. Subsequently a ventriculogram disclosed 
a defect in the third ventricle. Through a right 
transfrontal approach (January 12, 1940) ap- 
proximately one-third of an infiltrating tumor 
near the anterior part of the third ventricle was 
removed. Microscopically the tumor was an 
astrocytoma. 

The patient had a very stormy and slow con- 
valescence and remained in a state of decere- 
brate rigidity for weeks. Nevertheless, high 
voltage roentgen therapy was started seventeen 
days after the second operation and a total of 
1,800 r (measured in air) was given to an ante- 
rior frontal and toa right and left temporal por- 
tal in twenty days. The child began to improve 
slowly anda year later was essentially symptom- 
free with the exception of a slight left hemipare- 
sis, impaired vision, and occasional petit mal 
attacks. Because of the epilepsy 1,800 r was 
given to each of three portals exactly as before. 
Again improvement occurred and has _ been 
maintained for two years since the first opera- 
tion. 

Obviously this is a slowly growing neoplasm; 
however, it reached a point of producing nearly 
complete blindness and high intracranial pres- 
sure four months after symptoms began, where- 
as the child’s present condition is reasonably 
good two years after treatment was instituted. 


An unusual instance of a mixed glioma 
is worthy of mention. Definite evidence of 
extensive necrosis of the tumor and great 


Fic. 1. Case 1v. Roentgenogram of skull showing 
right frontal bone destruction, intracerebral calci- 
fication, erosion and enlargement of the sella tur- 
cica. The tumor proved to be a large mixed glioma. 


Fic. 2. Case 1v. Posteroanterior projection showing 
peculiar bone destruction in the right frontal re- 
gion and increased density in the right orbital cav- 
ity. 


decrease in the vascularity of the overly- 
ing tissues were found at operation follow- 
ing irradiation. 


Case iv. M. C., male, aged thirty-three, 
laborer, referred by Dr. R. B. Meyers, of Johns- 
town, Pennsylvania, noticed flashes streaking 
across his field of vision in November, 1936. He 
also had involuntary shaking of his right leg 
and foot. Four months later his vision began to 
dim gradually and this progressed almost to 
blindness in five months. A month before hos- 
pitalization the right eye began to protrude. 

Upon admission in October, 1937, the most 
striking finding was the marked proptosis of the 
right eye. There were also clonic contractions of 
the right lower extremity. Roentgen examina- 
tion of the skull showed erosion of the posterior 
clinoid processes and floor of the sella. There 
were small, irregular areas of bone destruction 
in the right frontal, parietal, and occipital re- 
gions, increased density in the right orbit, and 
right frontal calcification (Fig. 1 and 2). On Oc- 
tober 20, 1937, a right subtemporal decompres- 
sion was performed. Biopsy of the bone (No- 
vember II, 1937) adjoining one of the right 
frontal defects showed nothing abnormal. At 
both operations extreme vascularity of all tis- 
sues was noted. 

Beginning one month postoperatively he re- 
ceived a total of 1,200 r to eath of three portals 
in twelve days, cross-firing the anterior half of 
the skull. There was definite improvement in 
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Fic. 3. Case 1v. Photomicrograph of mixed glioma 
following irradiation. The border of a large area of 
necrosis is seen in this field. Hematoxylin and eosin 
stain; low power. 


the proptosis and later 1,800 r was given to 
each of the same three areas in thirty-one days. 
Again there was improvement, but the patient 
developed a cerebrospinal rhinorrhea. 

On November 25, 1938 a right transfrontal 
craniotomy was performed and a degenerated, 
necrotic tumor 6 or 7 cm. in diameter, occupy- 
ing the greater part of the right anterior cranial 
fossa, was removed. Microscopically this proved 
to be an interesting mixed glioma, for the most 


Fic. 4. Case v. Ventriculogram showing displacement 
of the entire ventricular system to the right and 
dilatation of the right lateral ventricle. 
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part resembling astrocytoma but showing areas 
of definite, glioblastoma multiforme (Fig. 3). 
This type of tumor has recently been discussed 
by Munro, Edwards and Russell.* 

Ten days postoperatively a third series of 
roentgen treatments consisting of 1,700 r to 
each of four portals was given in nineteen days. 
Again he was improved for about six months 
when the proptosis became worse and the vision 
almost nil. A final course of 2,700 r was given to 
one large anterior frontal portal in ten days. He 
was fairly comfortable up to his death at home 
three years and four months after the onset of 
symptoms and nearly two and one-half years 
after the first hospitalization. 


Fic. 5. Case v. In the lateral ventriculogram the di- 
lated right lateral ventricle and the absence of fill- 
ing of the parietotemporal portions of the left 
lateral ventricle are illustrated. 


There remains the group of patients in 
whom no tumor tissue was obtained at 
operation. Should one irradiate the un- 
verified tumor? Certainly the decision 
must be made in each case on its own 
merits. Where there is a gross error of 
diagnosis or localization, the mistake 
usually becomes apparent soon after the 
surgical attack and obviously irradiation 
should not be undertaken. But when the 
failure of verification is due to the deep 
situation of the tumor and strong clinical 
and ventriculographic evidence of its pres- 
ence are at hand, roentgen therapy has 
proved very helpful i in our experience. In 
more than half of our group of 12 cases of 
this type marked clinical improvement 
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has been obtained. One very striking ex- 
ample indicates the problems involved as 
well as the results of therapy. 


Case v. M. N., white female, aged twenty- 
one, referred by Dr. Martin, of Duquesne, 
Pennsylvania, came to the Western Pennsyl- 
vania Hospital in July, 1938, for relief of con- 
vulsions which she had had for three years. The 
convulsions were jacksonian in type on the 
right and increasing in frequency. For three 
months she had noticed blurring of vision in the 
left eye. 

Neurological examination showed only bi- 
lateral papilledema and slight reduction of vis- 
ual acuity. The patient had a linear area of left 
frontal scleroderma (of long standing) which 
extended across the forehead to the nose. 

Routine roentgenograms of the skull showed 
evidence of considerable increase in intracranial 
pressure. Ventriculograms showed moderate 
enlargement of the right lateral ventricle and a 
shift of both lateral ventricles and the third ven- 
tricle to the right (Fig. 4 and 5). 

At a left parietotemporal craniotomy on 
August 2, 1938, the brain was under great pres- 
sure, and no tumor could be seen or reached 
with a brain cannula. Nine days later a second 
attempt was made through an incision in the 
left temporal lobe but no neoplasm was found. 

Two months later the decompression was 
bulging and a series of high voltage roentgen 
treatments was given over both sides of the 
head. Two thousand roentgens (measured in 
air) was given to each temporoparietal portal in 
fifteen days. The bulging disappeared two 
months after completion of the treatments and 
the patient became almost entirely normal. 

Seventeen months later the patient devel- 
oped aphasia, weakness and tremors of the 
right upper extremity and occasional short at- 
tacks of unconsciousness. Fifteen hundred 
roentgens was applied to three smaller portals, 
but otherwise exactly as before. 

During the first month after the second series 
of treatments the patient suffered one jackson- 
jan attack accompanied by aphasia and pain in 
the left parietal region. Another ventriculo- 
graphic study showed the left lateral ventricle 
obstructed and pushed upward and outward in 
its posterior third. The third ventricle could not 
be seen. A third left parietotemporal craniot- 
omy failed to reveal the tumor, though a trans- 
cortical incision was carried to a depth of 5 cm. 

When seen six months after the second series 
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of roentgen treatments the patient was in fair 
condition and was troubled only by moderate 
motor aphasia. At present she lives at her par- 
ents’ home where she does much of the house- 
work. She has had brain tumor symptoms for a 
total of six years, and has been under treatment 
over three years. 


DISCUSSION 


What proof is there that high voltage 
irradiation has any effect on most gli- 
omas? The natural tendency is to attempt 
to answer the question on the basis of 
histologic sections before and after irradia- 
tion. It is obviously difficult to obtain 
tissue for post-irradiation examination in 
many cases. Furthermore there are sev- 
eral possible sources of error in this 
method: (1) changes in a tumor which are 
presumably the result of roentgen irradia- 
tion can be demonstrated histopatho- 
logically when the patient has shown 
little if any corresponding clinical im- 
provement; (2) all the histologic changes 
which iradiation produces within a gli- 
oma may also occur spontaneously; (3) 
varying areas within the same tumor may 
present widely different histopathologic 
pictures. The shortcomings of this method 
have been recognized by others.':?*4 

The only other way of evaluating the 
results of roentgen irradiation is on the 
basis of the clinical course. This, too, has 
its pitfalls. It is difficult to separate the 
effects of operation from the effects of 
irradiation, or vice versa. Although a 
fairly accurate standard of life expectancy 
for a given type of glioma has been set up, 
it is practically impossible to predict the 
natural course of the disease for a given 
patient, in whom the duration, extent and 
location of the lesion cannot be sharply 
defined. 

Nevertheless, we feel that in some cases 
it is possible to demonstrate clear-cut evi- 
dence of clinical improvement due to 
irradiation and believe that if reasonable 
caution is exercised, this method offers a 
satisfactory means of evaluating the ther- 
apy. Occasionally a; false impression of 
the effectiveness of therapy might be 
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given by a slowly growing type of tumor. 
Because of this we have emphasized the 
preoperative duration of symptoms in 
discussing the postoperative and _ post- 
irradiation result in each case. Again late 
improvement may sometimes be the re- 
sult of surgical treatment rather than of 
roentgen therapy. However, in several 
patients the response to operation was so 
slight and improvement following roent- 
gen irradiation so definite that there could 
be little question of the effectiveness of 
the latter. In addition, a number of pa- 
tients showed a definite response to 
irradiation at a stage when their gain from 
previous surgical or roentgen therapy was 
rapidly waning. Cases 111 and v illustrate 
this point very well. 

In conclusion, we do not wish to leave 
the impression from the discussion or il- 
lustrative cases that we regard roentgen 
therapy as a panacea in the management 
of gliomas. As has already been stated, 
approximately half our cases followed a 
rapid down-hill course. However, the 
number of patients in the remaining 
group who obtained substantial prolonga- 
tion of useful life as a result of operation 
and irradiation seems to justify the con- 
tinued use of these methods even in cases 
of an apparently hopeless character. 

Doubtless the accumulation of addi- 
tional clinical and pathologic studies will 
eventually enable more accurate progno- 
sis as to the results of roentgen therapy in 
gliomas, or lead to discovery of other 
more effective methods of treatment. 


SUMMARY 
1. The best results of combined surgical 
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and roentgen therapy seem to be obtained 
when most of the tumor can be removed 
and intensive irradiation given without 
dangerously increasing the intracranial 
pressure. 

2. There are frequent exceptions to the 
usually accepted rules as to the radio- 
sensitivity of various types of glioma. 

. In dealing with brain tumors which 
are inaccessible surgically, decompression 
and irradiation may occasionally produce 
prolonged benefit. 

4. Approximately half the patients in 
this series died within one year regardless 
of surgical or roentgen treatment. How- 
ever, at the present time it is impossible 
to determine before treatment is begun 
which patients will fall into this hopeless 
group and which may be definitely bene- 
fited by treatment. 

5. We believe that one is rarely justified 
in refusing operation or roentgen therapy 
or both even to the patient who presum- 
ably has an advanced, highly malignant, 
or deeply situated brain tumor. 
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CANCER OF THE UTERUS 


RESULTS OF THE PRESENT METHOD OF RADIUM THERAPY AS 
INFLUENCED BY STAGE AND GRADE OF THE LESION* 


By HARRY H. BOWING, M.D., 


and ROBERT E. FRICKE, M.D. 


Section on Therapeutic Radiology, Mayo Clinic 
ROCHESTER, MINNESOTA 


LL of us are interested in the end-re- 
sults attainable by carefully planned 
treatment of cancer of the uterus. 

Prognosis is an important feature in the 
treatment of cancer. Although the patient 
should not be demoralized by too much in- 
formation regarding the gravity of her con- 
dition and its probable outcome, the rela- 
tives and the referring physician are 
entitled to all the information at the radiol- 
ogist’s disposal. 


THE PROBLEM IN CANCER OF 
THE UTERUS 

Cancer of the uterus presents the prob- 
lem of two dissimilar types of malignant 
lesion distinguished according to location: 
cancer of the cervix and cancer of the 
fundus of the uterus. The radiologist is 
forced to treat these two dissimilar lesions 
very differently. Because cancer of the 
cervix is accessible, in much of its extent, 
to inspection and careful palpation, the 
stage or extent of the lesion can be gauged 
with some degree of accuracy and, further- 
more, the rate of response to radium treat- 
ment can be judged. Hence, in our opinion 
radium therapists should apply an indi- 


vidualized form of treatment to cancer of 


the cervix, whereas this is not possible with 
cancer of the fundus. 

In the case of cancer of the fundus, we 
are trying to treat an invisible lesion. None 
of the neoplasm ordinarily can be seen, and 
the stage or extent can be only approxi- 
mately judged by palpation and very 
limited inspection. The rate of response to 
treatment cannot possibly be determined. 
Hence, in dealing with an invisible lesion 
whose extent or stage is poorly defined, a 


rather standardized method of treatment 
must be employed. 

Hence, there are two differing methods 
of treatment of these two forms of cancer. 
The results of radium therapy in cancer of 
the cervix do not approximate the surgical 
results as is the case of cancer of the uterine 
fundus, at least in our experience. We will 
attempt to show this in our present study. 

We know that the stage or extent of the 
lesion is the most important single prog- 
nostic factor. In recent years a very im- 
portant contribution has been made by the 
pathologist as an additional guide for the 
surgeon and the radium therapist. This 
additional prognostic guide is the micro- 
scopic grade of the lesion, known as “‘Bro- 
ders’ index.” 


STUDIES IN CANCER IN 
OTHER SITUATIONS 


Cancer of the Stomach. The importance of 
both stage or extent and of the microscopic 
grade of cancer in prognosis is well illus- 
trated by a study of surgical results. A 
study of the excised surgical specimen 
yields accurate information regarding the 
stage of a malignant lesion. In a recent 
work Dochat applied Dukes’ method of 
typing cancer of the rectum to gastric 
cancer in an analysis of survival after 
surgical excision of the cancer. Dukes’ 
typing was modified to include four types: 
in A, the cancer was confined to the gastric 
mucosa; in B, was included invasion of 
muscle, but not serosal involvement; in 
B., there was muscular and serosal i 
volvement, and in Type C, involvement 
of regional lymphatic vessels and lymph 
nodes and even distant metastasis. 


* Presented at the Twenty-seventh Annual Meeting, American Radium Society, Atlantic City, N. J., June 8-9, 1942. 
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CARCINOMA OF THE STOMACH: FIVE YEAR SURVIVAL 
RATE, COMPUTED ACCORDING TO DUKES’ TYPE* 


Patients 


Alive 5 years after 
ype Traced | Per centt 


Number | Per cent 


A 20 a 20 | 100 

B, 113 10.8 69 61.0 
Be 294 28.0 
C 618 59.3 95 | 15.3 


* From: Dochat, G..R. A prognostic comparison of serosal and 
nodal spread in carcinoma of the stomach, with a classification 
into Dukes’ types. Thesis, University of Minnesota Graduate 
School, 1941, p. 24. 

t Of number traced. 


Broders’ microscopic grading of the ma- 
lignant lesion also was utilized. One thou- 
sand two hundred and fifty-one cases of 
gastric cancer were studied. There were 200 
operative or postoperative deaths; 30 per 
cent of the patients were living five years 
postoperatively. Results, computed ac- 
cording to stage, or Dukes’ typing, are seen 
in Table 1. When Broders’ grading was 
employed the usual prognostic pattern was 
obtained. Results appear in Table 11. 

Dochat found that the best prognostic 
guide was a correlation of Dukes’ and 
Broders’ methods; that is, combination of 
the stage and grade. The microscopic grade 
is extremely valuable, but the value is en- 
hanced by a combination with the extent 
or stage of the lesion. As Dochat pointed 
out, in cancer of the stomach a Type B,, 
Grade 4 lesion is accompanied by a better 
prognosis than is a Type C, Grade 2 lesion 
for instance. 

Cancer of the Rectum. In Dukes’ original 
work rectal cancer was typed according to 
extent and this was correlated with post- 
operative survival. Three types were used: 
in A, the cancer was confined to the rectal 
wall; in B the cancer had penetrated to the 
serosa; and in C the regional lymph nodes 
and lymphatic vessels were involved. Duke 
found that by studying both the extent and 
the microscopic grade the prognosis was 
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simplified and was much more nearly ac- 
curate. Studies have shown that patients 
who have rectal cancer of Type A of any 
grade, with the exception of Grade 4, have 
a fairly good prospect of a five year sur- 
vival. 


CANCER OF THE UTERINE CERVIX 


This lesion is a cancer sufficiently acces- 
sible for fairly accurate preliminary study. 
In a case of the medullary type, part of the 
neoplasm is visible and palpable, permit- 
ting rather definite delineation of the stage 
or extent; biopsy furnishes the microscopic 
grade. The rate of response of the cancer to 
radium treatment can be directly observed 
from day to day. Radium therapy hence 
can be and usually is individualized. Space 
will not permit a detailed discussion herein 
of the various radium therapeutic tech- 
niques and methods of individualization 
employed by others.’ Briefly, our early 
experience demonstrated to one of us (Bow- 
ing) the value of individual treatment in 
meeting the therapeutic demands of the 
patient under treatment. The knee-chest 
position was the most important single part 
of the procedure, for it permitted the 
radium therapist to observe the gross ap- 
pearance of the lesion, the identity of an- 
atomic landmarks to facilitate distribution 
of the dose and the rate of response ob- 
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CARCINOMA OF THE STOMACH: FIVE YEAR SURVIVAL 
RATE, COMPUTED ACCORDING TO BRODERS’ GRADES* 


| Patients 


|- 
Lesion, | | | Alive 5 years after 
Grade | Traced, | | leaving hospital 
Per cent? 
number | - 
| Number | Per cent 
| | 
I | 4 os: | 4 100 
2 237 | 22.97 107 45.5 
38.6 120 29.4 
4 | 402 | 


* From: Dochat, G. R. A prognostic comparison of serosal and 
nodal spread in carcinoma of the stomach, with a classification 
into Dukes’ types. Thesis, University of Minnesota Graduate 
School, 1941, p. 24. 

+ Of number traced. 
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tained from the applications of radium and 
the local cleansing procedures employed, 
and the like. The radium technique we em- 
ploy may be referred to as a broken-dose, 
intensive method. The filters, treatment 
time, distribution of the dose throughout 
the involved area, and the time interval 
between treatments are so selected as to 
meet the individual requirements of the 
patient. At the end of a complete course of 
radium therapy, which usually requires 
about three weeks for a patient with a 
Stage 111 cancer of the uterine cervix, a 
supplemental course of roentgen therapy is 
administered. A follow-up examination 
carried out every three months for the first 
year is recommended. We have found the 
method’ very satisfactory in that it allows 
a very wide range of individualization. 

From 1915 to 1929, inclusive, we found 
that 8.7 per cent of the patients referred 
for radium therapy had lesions of Stage 1 
and Stage 11, and that 91.3 per cent had le- 
sions of Stages 11 and iv based on the 
League of Nations classification.® 

Our five year “cures” obtained with 
radium treatment and _ supplementary 
roentgen therapy, based on 1,491 patients,” 
according to stage, were as follows: Stage 1, 
69.2 per cent; Stage 11, 60.2 per cent; Stage 
Ill, 29.7 per cent and Stage iv, 6.5 per cent. 

Surgical operation is confined in selected 
cases to lesions of Stages 1 and 11. The rate 
for five year “‘cure” of cancer of the cervix 
by total abdominal hysterectomy with ir- 
radiation, based on 165 patients seen from 
Ig10 to 1938, inclusive, was $7.1 per cent 
of the traced patients.’ 

In this study we considered surgical 
methods as constituting a rather standard- 
ized procedure. Excellent radical operative 
procedures have been evolved which are 
employed by skilled surgeons everywhere. 
As Masson’ has said, “The type of surgical 
procedure indicated for carcinoma of the 
uterus will probably never be improved.” 

Next in importance to the stage or ex- 
tent of the lesion is the microscopic grade 
of the cancer, which has been recognized to 
be in the main of surgical prognostic im- 
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TaB_e III 


RESULTS OF RADIATION THERAPY FOR CARCINOMA OF 
THE UTERINE CERVIX, BASED ON THE GRADE 
OF MALIGNANT CHANGE 


Patients 
Lesion, | Lived § years or more 
Grade | after treatment 


| 


Number | Per cent* 


| Treated | Traced 


. 5 5 2 40.0 
2 135 i. 40 32.8 
3 | 407 | 362 | 125 34-5 
4 336 307, 105 34.2 
Total 883 | 796T 272 34.2 


* Percentage of traced patients. 
t 90.7 per cent traced; total, 1,491 patients. 


portance in that patients who have a low 
grade lesion do well, whereas patients who 
have a high grade lesion do poorly, after 
surgical intervention. In our own expe- 
rience, of patients referred for radium ther- 
apy of cancer of the cervix, only 16 per cent 
had lesions of Grades 1 and 2, and 84 per 
cent had lesions of Grades 3 and 4. 

With the individualized radium therapy 
employed, and on the basis of a survival of 
five years, results of treatment of carcinoma 
of the cervix show that lesions of Grades 3 
and 4 are no more fatal than are lesions of 
Grades 1 and 2. Patients who had Grade 1 
lesions were too few to consider, but 135 
patients with Grade 2 lesions were followed, 
and of this number 40 patients, or 32.8 per 
cent, lived five or more years. There were 
407 patients with Grade 3 lesions, and of 
these 125, or 34.5 per cent, lived five years 
or more. There were 336 patients with 
Grade 4 lesions, and of these 105, or 34.2 
per cent, survived five years or more. The 
five year “cure” rate computed according 
to grade of lesion is shown in Table 11.1 It 
is seen that the rate is, roughly, the same in 
all grades, but that only 5 patients with 
lesions of Grade 1 were treated. 

When patients treated by surgery as well 
as by irradiation are added (referring again 
to Masson’s study of 1939, embracing ex- 
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CARCINOMA OF THE CERVIX: SURGICAL AND 
IRRADIATION RESULTS, 1910-1939* 


Harry H. Bowing and Robert E. Fricke 


Malignancy, Patients Per Cent of 
Grade Traced 5 Year Cures 

I 5 60.0 

2 190 41.1 

3 678 37-9 

33-7 


* Adapted from Masson.’ 


perience from 1910 to 1938), the five year 
survival rates computed according to 
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lesions for correlation purposes, although 
again the. Grade 1 lesions are too few for 
purposes of such a consideration (Table vy), 
For correiation determinations we selected 
Stage 111 lesions of Grades 2, 3 and 4 from 
Table v for computation of survival rates 
of five or more years, and again the sur- 
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CARCINOMA OF THE UTERINE CERVIX TREATED BY 
IRRADIATION ALONE, 1915-1929 
DISTRIBUTION ACCORDING TO STAGE 
AND GRADE OF MALIGNANCY 


grade evolve as shown in Table tv.’ Pa- Grade 

tients who had Grade 1 lesions obtained Stage ; —— Total 
the best results and those who had Grade 4 
lesions obtained the poorest results Re- - 10 
sults are calculated on the basis of a selected I I 11 30 70 
group of patients and yet may show the 1 4 109 322 4 689 
influence of standard treatment procedures. 15 
Evidently, in cases of cancer of the uterine Total 5 135 407 .336 883 


cervix, we lack sufficient numbers of pa- 
tients in certain grade and stage groups for 
satisfactory studies of correlation of micro- 
scopic grade with stage, as shown in Table 
v. For example, there were only 10 Stage 1 
cases and 5 Grade 1 cases (Table v) out of 
the total of 883 lesions previously recorded 
in Table 111. There seemed, however, to be 
sufficient distribution of grade in Stage 11 


vival rate in each grade in this group rather 
equal: 35.0, 34.1 and 35.1 per cent, re- 
spectively (Table vi). We submit that 
these data, based on a limited number of 
cases, probably indicate the influence of a 
tedious individualized radium therapy tech- 
nique, designed to meet the requirements 


VI 


CARCINOMA OF THE UTERINE CERVIX TREATED BY IRRADIATION ALONE: FIVE YEAR 
SURVIVAL RATES ACCORDING TO STAGE AND 


Microscopic Grade of Lesion (Broders 
2 3 | 4 
Patients Patients Patients 
Lesion Alive 5 years | | Alive: 5 years | Alive § years 
or more after | | | or more after | or more after 
treatment | treatment | . treatment 
Total | Traced ue | Total Traced | PE Total | Traced = 
Num-| Per | |] um-| Per | Num-| Per 
ber | cent* | | ber  cent* | ber | cent* 
i} 
| 
il 109 100 35 | 35-0 || 322 | 287 | 98 | 34-1 || 254 231 81 35 
Iv 4 41 | 3 | 51 47 4 | 8.5 


* Of traced patients. 
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of the patient being treated, on the results 
to be obtained. 


CANCER OF THE UTERINE FUNDUS 

Cancer of the uterine fundus presents a 
great irradiation therapeutic problem. It is 
considered to be a less malignant neoplasm 
than cancer of the cervix; the rate of 
growth appears to be slower and the tend- 
ency to metastasize develops later. 

If the diagnosis can be established while 
the lesion still appears to be confined 


still movable. In Stage 111 is revealed ex- 
tension beyond the uterine walls to neigh- 
boring tissues, with beginning fixation. In 
Stage iv, “frozen pelvis” has occurred, 
often with involvement of the bladder or 
rectum, or both, or a small primary lesion 
has metastasized to distant organs. 

Results of surgical and radiation therapy 
vary according to the stage or extent, and 
also the microscopic grade, of the lesion. As 
Sackett® has reported, panhysterectomy 
with supportive irradiation accomplishes a 


Taste VII 


CARCINOMA OF THE UTERINE FUNDUS: SURVIVAL RATES ACCORDING TO OPERATION 


Treatment 
Total abdominal hysterectomy with irradiation 
Total abdominal hysterectomy without irradiation 
Irradiation without hysterectomy 


* Adapted from Masson.’ 


within the mucosa of the uterine walls, a 
less radical operation than is required for 
cancer of the cervix, and generally ac- 
complished with less risk, usually is cura- 
tive. However, when the disease is ad- 
vanced and has infiltrated surrounding 
tissues or metastasized to other organs, 
worth-while palliation or even cure can be 
secured by radiation therapy alone. 

Cancer of the uterine fundus is a hidden 
lesion, not accessible to inspection and less 
revealing on palpation than is cancer of the 
uterine cervix, so that the stage of the 
lesion is more difficult to evaluate. The 
diagnosis must always be established by 
study of the tissue obtained by curettage. 
The stage or extent can be determined only 
by the results of pelvic, general and special 
examinations. We have classified the lesion 
into four stages to correspond to the classic 
four stages of cancer of the cervix. Briefly, 
in Stage 1 the neoplasm apparently is super- 
ficial, the uterus is normal in size and is 
freely movable. In Stage 1, the lesion has 
increased and involves the muscular wall; 
the uterus may be enlarged, although it is 


AND IRRADIATION, Ig10-1938* 


— Died in Hos- , “Cured” 5 Years, 
pital, Per Cent Per Cent 
194 IgI 67.5 
306 8.5 296 66 .6 
230 


227 26.9 


five year cure in from §5 to 75 per cent of 
cases in this country; radiation therapy 
alone, in cases in which the disease is more 
extensive (precluding surgery) achieves a 
five year survival for from 25 to 50 per cent 
of the patients treated. 

Masson,’ in reviewing data concerning 
patients treated from Ig10 to 1938, inclu- 
sive, at the Mayo Clinic, showed that in 
respect to five year survival rates total ab- 
dominal hysterectomy with and without 
irradiation yielded almost similar results: 

7.5 per cent and 66.6 per cent, respectively 
(Table viz). 

In later years, more amenable lesions 
have been treated by irradiation in prefer- 
ence to surgery. Better diagnostic methods 
have revealed lesions in earlier chronologic 
stages. But, since cancer of the uterine 
fundus is mainly a postmenopausal condi- 
tion which afflicts women of a later age 
group, many unrelated degenerative dis- 
eases often complicate the picture and in- 
crease the operative risk. In a later review 
of patients treated by radium alone from 
1925 to 1935, inclusive, our five year sur- 
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vival rate was seen to have increased to 39 
per cent.‘ Practically a third of all patients 
seen at the Mayo Clinic with carcinoma of 
the uterine fundus have been referred for 
irradiation alone at this particular age 
period because of the extent of the lesion 
and the presence of associated degenerative 
diseases. Our five year survival rate has 
been influenced by the stage of the lesion, 


Taste VIII 


CARCINOMA OF THE UTERINE FUNDUS: 
RESULTS WITH RADIUM THERAPY 


Five Year Cures, 


Lesion, Patients 
Stage Traced Per Cent 
I 15 93.0 
II 29 §2.0 
ll 32 34.0 
IV 33 6.0 


as is shown in Table vit. The best results 
were obtained for those who had Stage 1 
lesions; for them the five year survival rate 
was 93 per cent. The poorest results were 
obtained for those who had Stage 1v lesions; 
for them the five year survival rate was 
only 6 per cent. 

Results of this study showed clearly that 
determination of stage or extent of the 
neoplasm before treatment, although much 
more difficult in these cases, was accurate 
for prognostic purposes. Radium treatment 
was not individualized, but consisted of 
what may be considered standardized gen- 
eral irradiation along the entire length of 


IX 


CARCINOMA OF THE UTERINE FUNDUS 
TREATED WITH RADIUM 


Per Cent of 


Patients 
Grade Traced $ Year Cures 
I 19 79.0 
3 42 33 +O 
3 16 25.0 
4 17 12.0 
Not graded 15 47.0 
Total 109 39.0 
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the uterine canal achieved by tandems and 
single radium tubes, the number of tan- 
dems employed depending on the depth of 
the uterine cavity. 

Results computed according to the 
microscopic grade of the lesion were sur- 
prising, from the standpoint of the radium 
therapist. Whereas, in cancer of the uterine 
cervix a lesion of Grade 4 was no more fatal 
than a lesion of Grade 2 (Table vi), high 
grade carcinomas of the uterine fundus 
were definitely more dangerous. Patients 
who had low grade cancer, considered by 
many as “radioresistant,’’ did very well 


(Table 1x). 


SUMMARY 


Brilliant improvement in surgical tech- 
nique has developed the radical operations 
for cancer of the uterine fundus and for 
early cancer of the cervix to a high degree 
of efficiency. Results in well selected cases 
are excellent, and the operative procedures 
have become standardized in, the hands of 
leading surgeons everywhere. The value of 
the present surgical technique has been 
proved and it is likely that no changes in 
the surgical approach will ensue. 

In this study no new data have been pre- 
sented, but we are submitting a conception 
or perhaps a “philosophy of treatment,” 
which we have held for a long time. It seems 
very evident that to careful radium thera- 
pists the treatment of cancer of the uterine 
cervix is an individualized scheme. Not 
only do different clinics have varying 
methods of treatment, but the same radio- 
logist will alter his method of attack on 
different lesions, because the lesions vary 
greatly and also because the rate of re- 
sponse to treatment probably differs with 
the amount of defensive factors of the 
patient’s tissues against cancer. It is well 
known that radium can be used as cautery, 
or, if differently applied, will exert not a 
caustic but a healing effect, to which 
the reactions of the normal tissue greatly 
contribute. The latter effect is the most 
desirable in that it maintains to the highest 
degree possible the normal integrity of the 
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tissues in and near the involved malignant 
field. 

Cancer of the uterine fundus presents 
the problem of a hidden lesion which is in- 
accessible to accurate estimation of its 
extent. Herein, to date, radium treatment 
has been rather standardized, consisting of 
homogeneous irradiation along the entire 
length of the uterine canal. Even though 
the percentage of “cures” or “arrests” se- 
cured with radium treatment alone has 
been encouraging, radiologists have put 
forth every effort to individualize the 
treatment. Heyman’s multiple tube tech- 
nique, the Schmitz Y-shaped applicator 
and the Friedman hysterostat are specific 
instances of this effort. This is encouraging, 
although in view of the nature of carcinoma 
of the uterine fundus these efforts will 
probably always be limited. - 

Radium treatment of cancer of the uter- 
ine fundus yields encouraging results, and 
‘in the course of time further advances in 
technique may succeed in creating a more 
flexible, less standardized program of treat- 
ment and may produce even superior re- 
sults, comparable to those achieved by 
radium therapy in cancer of the uterine 
cervix. 

CONCLUSIONS 


1. The extent of the primary malignant 
lesion of the uterus is the most valuable 
prognostic factor. 

2. The grade of malignant change (Bro- 
ders’ index) is a very valuable prognostic 
determination when more standardized 
surgical and radium therapeutic techniques 
are employed. This observation does not 


seem to be entirely true when individual- 
ized radium therapy is employed in cancer 
of the uterine cervix. 

3. Evidently, the most individualized 
radium therapy designed to meet the de- 
mands of the patient under treatment for 
cancer of the uterus will give the best re- 
sult.* 
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THE ELIMINATION OF IRRADIATION INJURIES IN 
THE TREATMENT OF CANCER OF THE CERVIX* 


By CHARLES L. MARTIN, E.E., M.D., F.A.C.R. 


DALLAS, TEXAS 


ADIUM has been used successfully in 

the treatment of cancer of the cervix 
uteri for about thirty years, and the com- 
bined use of radium and roentgen radiation 
became popular a little more than twenty- 
five years ago. A variety of practical ra- 
dium techniques was perfected early but 
when it was found that the more distant 
extensions of the disease could not be con- 
trolled with radium applied by the vaginal 
route, the evolution of a series of ingenious 
plans for increasing the irradiation effect 
of the periphery of the pelvis began. The 
advent of each new more powerful source 
of external irradiation has stimulated a 
renewed attack on the problem, and rightly 
so, since the total survival rate in large 
groups of unselected cases is still disap- 
pointing. This paper is written with no 
thought of discouraging those who are 
striving to perfect methods of treatment, 
but rather in an effort to stress the impor- 
tance of the increased morbidity which has 
accompanied many of the new procedures. 
The tolerance of the normal structures 
always has been, and always will be, the 
limiting factor governing the use of radiant 
energy in the pelvis and it seems evident, as 
Miller and Folsome! have pointed out, 
that the most acceptable technique of the 
future will be the one which produces the 
largest number of good results with the 
lowest morbidity. 

Our interest in this subject dates back to 
1922, when several severe rectal reactions 
were observed following the use of vaginal 
radium. Soon afterwards, with the assist- 
ance of Dr. Fred T. Rogers, a series of ob- 
servations was carried out on the effect of 
various doses of roentgen rays applied 
directly to exposed loops of small intestine 
in dogs. Unfortunately, no ionization meas- 
urements could be made at that time, and 


the changes in the dog’s skin were used as 
a dosage indicator. This was not very satis- 
factory because the dog erythema dose was 
found to be much larger than the human 
erythema dose, but a series of changes 
closely paralleling those seen in treated 
patients were produced. 

In 1923 it was shown® that the threshold 
erythema dose for the dog produced con- 
traction of the wall of the intestine with a 
complete destruction of the mucosa, while 
the human erythema dose, as it was used 
clinically at that time, produced no visible 
changes in the intestine. Since the low 
voltage apparatus used for these experi- 
ments was discarded long ago, it is impos- 
sible to express the doses used in terms of 
roentgens, but by indirect computation it 
has been estimated that the dog erythema 
dose used in this work lies between 3 and 4 
human 1.£.D. If these figures be correct, 
this early work indicates that irreparable 
damage of the dog’s intestine is produced 
by the administration of such a dose given 
continuously over a short period of time. 
Physical data indicate that the human 
rectum is capable of withstanding larger 
total doses with the accepted plans of 
therapy but no accurate measure of rectal 
tolerance under such conditions is available 
to me. 

In 1924 an attempt was made to study 
the end stages of the reaction produced by 
the application of the dog erythema dose to 
a single loop of intestine. In some instances 
the dogs developed a cachexia, accom- 
panied by a severe diarrhea, from which 
they succumbed in about two months. In 
other instances they recovered from the 
primary reaction, but died in five or six 
months from obstruction, produced by a 
marked fibrosis and contracture of the ir- 
radiated segment. 


* Presented at the Twenty-seventh Annual Meeting, American Radium Society, Atlantic City, N. J., June 8-9, 1942. 
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Patients having similar changes in the 
rectum following radium applications to 
the cervix were described by Benthin? in 
1923, and Jeanneney and Wangermez” in 
1929, and in 1930 Buie and Malmgren® 
reported 65 such cases observed at the 
Mayo Clinic. It is interesting to note that 
these latter authors stated that rectal 
damage following radium therapy was a 
justifiable complication. In 1932 Pember- 
ton!’ described 7 rectal strictures, 3 sigmoid 
lesions and 1 case of ulceration of the ileum, 
and in 1935 Jones" reported 8 cases of 
stricture of the sigmoid and ileum severe 
enough to produce obstruction. In a per- 
sonal communication he states that he has 
observed 10 additional cases since his paper 
was published. 

Some have contended that the use of a 
prolonged divided dose roentgen-ray tech- 
nique accounts for many of the rectal com- 
plications, but Healy and Frazell* found 9 
rectal strictures in a group of $51 patients 
treated before the prolonged roentgen-ray 
procedure was adopted at the Memorial 
Hospital. Todd,” in reporting a series of 
almost 50 cases of intestinal damage in 
1938, called attention to extensive extrinsic 
lesions observed in recent years. He at- 
tributed these changes to blood vessel 
damage resulting from irradiation of large 
fields with roentgen rays. 

Although irradiation techniques have 
been much improved, and many protective 
devices are now in use, intestinal damage is 
still produced when vigorous attempts are 
made to cure advanced cases of cancer of 
the uterus. White” reported 7 such cases 
in 1940, and Wirth, Cantril and Buschke” 
observed 6 severe lesions in patients treated 
with supervoltage roentgen-ray equipment 
from 1935 to 1938. A very recent report by 
Cosbie,® published in 1941, covers a group 
of patients treated since 1936, with modern 
apparatus, and includes 11 cases of severe 
proctitis, with 12 cases of rectal ulceration 
with hemorrhage and stenosis. The protec- 
tion of the intestinal tract requires much 
skill when heavy doses of roentgen rays are 
delivered directly into the pelvis with a 
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vaginal cone, and Merritt, in reviewing this 
technique in Ig941, stated that diarrhea 
with extreme debility was observed in cer- 
tain individuals, while others developed a 
radiosclerosis of the sigmoid. Stone and 
Robinson* voice the opinion of many of 
the more competent radiologists when, in 
discussing the treatment of advanced car- 
cinoma of the cervix, they state: “The 
consequences of excessive irradiation of the 
bladder and rectum must be disregarded 
because these structures or adjacent tissues 
are involved.” 

The mucous membranes of the bladder 
and ureters are very radiosensitive, but 
reports of serious injuries of these struc- 
tures appear with relative infrequency in 
the literature. Schmitz'® reported the ob- 
struction of one ureter by a process which 
he designated as radiation fibrosis in 1920. 
A death from uremia, secondary to necrosis 
of the trigone and obstruction of both 
ureters, occurred in our own clinic in 1926, 
and a study of the tolerance of the ureters 
to radiation was started soon afterwards. 
In 1926" we were able to show that a dose 
of 75 miligram-hours administered by two 
6.25 mg. monel steel radium needles placed 
on either side of the dog’s ureter produced 
complete occlusion and hydronephrosis. 
However, a subsequent experiment done 
in the same year showed that 2.5 T.£.D. 
applied directly to the ureter, with a 
heavily filtered capsule produced no dam- 
age. No information is available covering 
the maximum dose of heavily filtered ra- 
dium which is safe for the ureters. 

Ureteral stricture is a common complica- 
tion in cancer of the cervix, and many 
radiologists believe that all such lesions in 
treated cases are produced by cancer. How- 
ever, Everett’ after studying the patients 
treated successfully with irradiation at the 
Howard A. Kelly Hospital in Baltimore, 
where high intensity radium applicators 
are used, concluded that approximately 50 
per cent of these cases developed obstruc- 
tive lesions involving the lower ureters with 
dilatation of the kidney pelves, but that 
only 15 per cent were sufficiently severe to 
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be of clinical importance. He also included 
in this report 63 cases of late irradiation 
ulceration of the bladder reported by Dean, 
Newell and Crossen, Smith and Colby, and 
described 6 cases observed in his own series. 

Vesicovaginal and rectovaginal fistulae 
also often accompany cancer of the cervix 
when no irradiation is used, and the exact 
role of therapy in the causation of these 
unpleasant sequelae is difficult of estima- 
tion. Behney! reported an incidence of 26 
per cent in treated cases and 31 per cent in 
untreated cases, and Smith,” after study- 
ing a series of 2,852 patients treated at the 
Memorial Hospital in New York, con- 
cluded that fistulae occurred at least twice 
as frequently in untreated as in irradiated 
cases. It is interesting to note that both of 
these reports cover work done prior to 1934 
with techniques which were relatively con- 
servative. Enough fistulae have been pro- 
duced by the injudicious use of radium in 
the treatment of benign uterine lesions to 
make it apparent that such complications 
cannot always be attributed to the presence 
of cancer alone. 

Vascular damage from irradiation has, 
in all probability, not received the atten- 
tion that it deserves, since many of the 
necrotic lesions are undoubtedly preceded 
by an interference with blood supply. 
Emphasis was first placed on this complica- 
tion in 1936 when Dalby, Jacox and Miller® 
described spontaneous fractures of the neck 
of the femur attributed to occlusion of the 
afferent vessels following the administra- 
tion of heavy doses of roentgen rays to the 
pelvis. More recently Strauss and Mc- 
Goldrick” have collected a series of 75 such 
cases, including 4 of their own. In most 
instances heavy doses of radium were used 
along with roentgen therapy, but a study 
of the treatment data indicates that this 
complication is likely to occur in patients 
receiving several prolonged series of roent- 
gen treatments over the pelvis, particularly 
when lateral portals are used. Todd, in 
describing a condition which he calls an 
extrinsic lesion of the bowel, accompanied 
by extensive sclerosis, expresses the belief 
that blood vessel damage resulting from 
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the application of heavy doses of roentgen 
rays to large portions of the pelvis is the 
causative factor. 

Most cancers of the cervix contain patho- 
genic bacteria and a salpingitis is some- 
times discovered when the patient presents 
herself for treatment. The manipulation of 
a bleeding vascular tumor of the cervix 
during the application of radium always 
carries with it the danger of dissemination 
of infection, and a conservative technique 
must be designed to minimize this danger, 

TECHNIQUE 

It is now evident that the radiotherapist 
treating cancer of the cervix is confronted 
with a problem which is far from simple. He 
must deliver a curative dose, estimated as 
not less than 7 1T.£.D., to a_ structure 
bounded anteriorly by the bladder, posteri- 
orly by the rectum and laterally by the 
ureters, all of which can be damaged by 
the therapeutic agent. When the disease 
extends outside the cervix, as it usually 
does, any attempt to efficiently irradiate a 
larger volume of tissue not only increases 
the hazards already mentioned, but en- 
dangers the vascular system supplying the 
bony structures and the pelvic viscera. The 
infected field in which all local manipula- 
tions must be carried out adds the danger 
of disseminated infection. 

Since serious sequelae sometimes appear 
a year or more after treatment, the de- 
velopment of a safe technique is a slow 
procedure, based to a large extent on ex- 
perience. In 1938 Corscaden, Kasabach 
and Lenz‘ made a careful study of irradia- 
tion injuries observed in their cases and 
published a technique which eliminated 
them. This was done by decreasing the 
intensity of irradiation and increasing the 
time. During the past ten years an attempt 
has been made in our clinic to eliminate the 
serious complications without lowering the 
total five year survival rate. Some of the 
technical changes may be lised as follows: 


1. Use of multiple radium sources of mod- 
erate intensity for longer periods of time. 
2. Frequent shifting of the positions of ra- 
dium containers of the higher intensities. 
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3. Heavy filtration in all radium containers. platinum radium needles, completely de- 
Distance applicators in the vagina used _ gcribed in previous articles, were used 
with large vaginal packs. alone or in combination with platinum 

5. Removal of all presenting tumor tissues radium capsules having a wall thickness of 
so that a smaller total radium dosage is, 4 mm. Most of the radium treneaeae 


effective. 
were given with capsules of various sizes 
6. Careful approximation of radium sources 
. “1 containing from 6.25 to 50 mg. applied 
7. Copious use of green soap in vaginal singly or m Yaw combinations. The 
preparation for radium. vaginal applications were made with Lon- 
8. Frequent changing of vaginal packs. don spools or specially prepared appli- 
g. No radon implants used and no radium cators, constructed so as to afford ample 
needles placed near ureters. protection to the bladder and rectum. 


10. Intensive roentgen therapy used only in 
more advanced cases. 
11. Elimination of lateral portals in roentgen 


Needle implantations were made for a 
period of seven days. The average case 
treated with capsules received about eighty 
hours of irradiation, divided into three 

erapy given in one Carefully plannec ° 
es YF applications spaced a day apart. The total 

series, and not repeated. 

) — dose varied from 3,600 to 4,100 mg-hr. 
13. Long interval allowed to elapse between Left 
intensive roentgen therapy and radium apsules containing 50 mg. were leit in the 


therapy. cervical canal for thirty hours, but the cervi- 
14. No intravaginal or perineal roentgen cal and vaginal applicators contained mul- 
therapy administered. tiple sources which were never left in one 


place for more than twenty-four hours. 
During January, 1942, a survey was Cervical and vaginal applicators were 
made of 149 consecutive unselected cases never used on the same day. 
treated during the years 1936 to 1940 in- The first radium application was always 
clusive. Since untoward results almost al- done under gas anesthesia. Before any 
ways appear within two years, no case manipulations were carried out the vagina 
treated since 1940 was included. The tech- and the tumor were washed repeatedly 
niques used were individualized as shown with copious amounts of green soap. This 
in the tables. Although roentgen therapy procedure is considered most important 
was usually given, the most effective part because serious post-irradiation infections 
of the treatment was carried out with care- were reduced to a minimum following its 
fully placed radium applicators, prepared adoption. The entire field was next painted 
to irradiate all of the diseased tissue when’ with tincture of iodine and the presenting 
possible. In the more diffuse lesions weak portion of the tumor was destroyed by 


TABLE 


SURVEY OF CANCER OF CERVIX MADE IN JANUARY, 1942 


| Alive 

No. of Complications | 
y ear Patients Known | Untraced Possibly Due to | pe: Symptom-free 
Freated Treated Dead Irradiation Total with No Evi- 

| Number _ dence of Cancer 

1936 32 4 13 2 fistulae | 15—46.7% | 14—43.7% 

1937 27 7 1 fistula | 9—-33-3% | 

1938 30 6 8 1 fistula 16—53.3% 14—46 .6% 

1939 32 6 18—56.2% - 17—5$3.1% 

1940 28 6 5 17—51 .o% 12—42.8% 

Total | 149 31 | 43 4 fistulae 78—52.4% | 65—43 .2% 
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electrocoagulation and removed with biting 
forceps. Although this procedure is con- 
demned by many, it is considered an essen- 
tial part of our technique because it enables 
the operator to place radium applicators 
accurately in intimate contact with the 
base of the tumor in a dry field, from which 
all confusing hemorrhage has been elim- 
inated. It also makes it possible for him to 
obtain several biopsies of ample size from 
various portions of the neoplasm. A mod- 
erate temperature elevation usually follows 
the coagulation for a day or two. In the 
rare case in which a troublesome infection 
persists, sulphonamide therapy has been 
found quite effective. 

Roentgen therapy was considered to be 
of secondary importance in the early and 
border line cases, but single doses of 600 r 
were given to each of four 15 cm. portals, 
using 200 kv. equipment, while the patient 
was hospitalized for radium therapy. Two 
portals were laid out over the front of the 
pelvis and two over the back. In most in- 
stances the radium applications and the 
roentgen treatments were given on alter- 
nate days. This plan was economical in 
that it enabled the patient to receive all of 
her therapy within a period of a week. 

The cases which did not respond well to 
this procedure were rarely improved by 
the subsequent administration of more in- 
tensive roentgen therapy. Tod** made a 
similar observation and states that she 
obtained a higher percentage of cures in 
clinical Stages 1 and 11 when no roentgen 
therapy was added to her radium tech- 
nique. The use of intensive preliminary 
roentgen therapy in these cases not only 
increases the incidence of irradiation se- 
quelae, but produces so much contraction 
of the upper vaginal vault that London 
spools or other types of applicators de- 
signed to bring radium near the broad 
ligaments cannot be properly placed. 

When the disease was well advanced, 
and particularly when there was much in- 
fection present, roentgen therapy was 
given first. In these cases palliation was the 
primary objective, and measures designed 


to relieve symptoms seemed more impor- 
tant than a vain attempt at a cure, followed 
by prolonged irradiation sequelae. In most 
instances four portals were used, as in the 
more favorable cases. Lateral portals were 
not used, because, in my opinion, they 
increase the danger of spontaneous hip 
fractures and add little to the efficiency of 
the treatment. Doses of 200 r were given 
to each of two portals daily, with 2co ky, 
equipment, until total amounts of 1,200 to 
2,400 r had been administered to each area. 
When the smaller doses were given, the 
roentgen series was followed immediately 
by the radium therapy previously de- 
scribed, but radium applications were de- 
layed for a period of three or four weeks 
when the more intensive external irradia- 
tion was utilized. Intravaginal roentgen 
therapy which of necessity increases the 
dosage reaching the anterior rectal wall was 
never used. A study of the histories of 
patients developing irradiation fractures of 
the hip indicates that most of them re- 
ceived repeated series of roentgen treat- 
ments given at intervals of six to eight 
weeks. For this reason it was assumed that 
the maximum palliation was _ produced 
when the above plan of treatment was com- 
pleted, and further irradiation was rarely 
attempted. In those cases in which it was 
carried out, it seemed to be of little value. 
Certainly it should be delayed for a period 
of six to eight months, if it is to be given at 
all. 
RESULTS 

Although the technique described above 
is somewhat unorthodox, it should be 
judged by the results summarized in Table 
1. Heyman® reports that the average five 
year survival rate in a group of 10,970 cases 
of carcinoma of the cervix, treated in the 
best irradiation clinics in the world, is 26 
per cent. Although the group of cases 
reported in this paper is not large, and only 
a relatively small number have been fol- 
lowed for more than five years, the figures 
indicate that the five year survival rate 
will be as good as that averaged by other 
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clinics. Of more importance is the fact that 
the only complications which might be 
attributed to the effects of irradiation are 
four fistulae. Although 43 of the patients 
could not be traced during the entire period 
of observation, most of them were observed 
long enough to rule out the occurrence of 
‘irradiation sequelae. None of them de- 
veloped rectal ulceration, bladder ulcera- 
tion intestinal obstruction, serious infec- 
tions or fractured hips. A fair number died 
with strictures of the ureters, but the inci- 
dence was no higher than that observed in 
untreated cases. 


SUMMARY 


An irradiation technique is described 
which produced end-results equal to those 
reported by other clinics, with no serious 
irradiation sequelae, except four fistulae. 
All techniques should be judged on the 
basis of irradiation complications, as well 
as five year survival rate.* 
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AN INSTRUMENT FOR INSERTING MULTIPLE 
CAPSULES OF RADIUM WITHIN THE 
UTERUS IN THE TREATMENT OF 
CORPUS CANCER* 


By JAMES F. NOLAN, M.D., and A. N. ARNESON, M.D. 


ST. LOUIS, MISSOURI 


" IS the opinion of several authors that 
the best clinical results obtained in the 
treatment of carcinoma of the body of the 
uterus have followed the combined use of 
both irradiation and surgery. One need only 
consult collected statistics that have been 
published to justify the value of irradia- 
tion.':'3 It can be said, however, that re- 
moval of the uterus, whenever practical, 
remains the fundamental procedure. The 
addition of roentgen rays and radium in the 
treatment of operable cases compromises in 
no way the value of hysterectomy. 

There is evidence that preoperative ir- 
radiation is more effective than treatment 
given after hysterectomy. One factor con- 
tributing to the relative superiority for 
preoperative irradiation must the 
greater tissue dose that can be obtained 
by means of radium applied within the 
uterus before its removal. Corpus cancer, 
however, presents technical problems that 
often make difficult a satisfactory applica- 
tion of radium. 

There is general agreement that an intra- 
uterine tandem is ineffective in most in- 
stances. In spite of the fact that the active 
length of the applicator may extend from 
the top of the fundus to the external os, a 
bulky lesion may so distort the cavity that 
several centimeters of tissue intervene be- 
tween some tumor cells and the radium 
sources. In cavities of normal size the tan- 
dem may be along the center of the uterus 
or fall toward one side. If there is a small 
lesion in one cornu there may be consider- 
able distance between the tumor and near- 
est radium source. These factors are bound 
to produce marked irregularities in radia- 


tion effect. Gross specimens obtained after 
tandem treatment usually reveal focal 
areas of tumor destruction with other re- 
gions of unaffected cancer.? Due to the 
small number of sources employed, the 
contributions from each must be relatively 
great: For that reason radiation necrosis is 
not uncommon. 

A logical method for increasing the effec- 
tiveness of radium treatment is the use of a 
greater number of sources placed irregu- 
larly throughout the uterine cavity. Several 
years ago, however, Sampson’ demon- 
strated many of the difficulties encountered 
in the attempt to use multiple capsules. 
Others have feared injury to the uterus, 
chiefly by perforation of the wall. At the 
same time several authors including Hey- 
man,’ Schmitz and Schmitz,’ Martin,” 
Brown,’ Friedman,’ Strauss,!’ Pfahler,™ 
Crossen,’ Kaplan," and others, have de- 
vised special techniques of treatment. Most 
of these methods include the use of several 
sources of small size containing relatively 
small amounts of radium. Heyman’s tech- 
nique presents definite advantages. The 
small, weak, intra-uterine tubes are so con- 
structed that an appreciable distance is ob- 
tained between the emanating source and 
outer wall of the applicator. These are 
packed singly into the uterine cavity until 
all available space has been filled. 

In 1938 at both the Barnes Hospital and 
the Barnard Free Skin and Cancer Hospital 
we began the use of a method requiring a 
minimum of special apparatus.? The at- 
tempt was made to approximate the tech- 
nique devised by Heyman. Radium sources 
of different size and strength were placed 


* From the Department of Obstetrics and Gynecology, and the Edward Mallinckrodt Institute of Radiology, Washington University 
School of Medicine; and the Barnard Free Skin and Cancer Hospital, St. Louis, Mo. Presented at the Twenty-Seventh Annual Meeting, 


American Radium Society, Atlantic City, N. J., June 8-9, 1942. 
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Fic. 1. Brass capsules used for intra-uterine treatment. The longer tubes are for one or more sources of 


mg. radium strength. Those of greater diameter are used in the cervical canal. The shorter capsules 
contain 6.0 mg. radium in removable platinum cells. 


12.5 


within the uterus by means of uterine 
dressing forceps. Small strips of gauze were 
used in the attempt to keep the radium 
tubes in place, and also to obtain some 
distance around the stronger sources. Each 
application was checked by means of a 
roentgenogram. The method not 
proved entirely satisfactory. In many in- 
stances it was difficult to get the tubes in 
place, and not infrequently rather marked 
irregularities in radiation effect were noted 
in specimens obtained at hysterectomy. 
The incidence of severe necrosis was, how- 
ever, decidedly less than for tandems. 
More recently the attempt has been 
made to improve the method. The points 
and eyelets of several monel metal needles 
were ground away to obtain sources with 
active lengths corresponding more closely 
to the over-all length of the tube. The 
shortened needles contain approximately 
12.5 mg. radium each, and are about twice 
the length of removable platinum cells. 
Brass tubing was used to make sheaths of 
equal external diameters, but of different 
lengths. The longer brass sheaths will con- 
tain one of the 12.5 mg. sources, and the 


Treatment of Corpus Cancer 


shorter ones hold 6.0 mg. in removable 
platinum cells. By that means several 
sources are obtained that contain approxi- 
mately the same radium strength per centi- 
meter length. 

In some instances it may be advisable to 
employ stronger sources, or sheaths of 
greater external diameter. If the cervix is 
involved, for instance, it is more practical 
to use stronger tubes in that region because 
there are no others in parallel to contribute 
radiation. There should always be a sheath 
of greater diameter in the cervical canal to 
maintain dilatation adequate for removal 
of those of lesser diameter deeper in the 
uterus. For the above reasons several 
sheaths were made with external diameters 
about twice that of those first described 
and with internal diameters adequate for 
two of the 12.5 mg. tubes (total strength 
25 mg. radium). A photograph of the 
sheaths of three different sizes is shown in 
Figure 1. The total filter for each, including 
the metal wall of the different radioactive 
tubes, is equivalent to 2.0,mm. brass. 

It became necessary to devise an instru- 
ment for introducing radium into the 
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Fic. 2. Instruments used for inserting tubes of radium into the uterus. 


uterus. A cup-shaped adapter was attached 
to a rod, or shank, curved to accommodate 
the angle of the uterus. A slit in the side of 
the cup provides an opening through which 
the ligature from the radium source can be 
fitted into a groove along the convex sur- 
face of the shank, and fixed to a small peg 
on the handle of the instrument. Along the 
concave surface of the shank is a small tube 
through which a wire ejector projects into 
the cup-shaped adapter. The ejector must 
be partially withdrawn for loading the 
instrument. After the radium is passed to 
the desired position within the uterus, the 
ligature is detached from the peg on the 
handle, and the ejector pressed in to dis- 
charge the source. Due to the fact that 
capsules of two different diameters are em- 
ployed it is necessary to have introducers 
with adapters for each size. For con- 
venience there should be more than one 
instrument of each size. A photograph of 
the introducers is shown in Figure 2. It 
should be noted that the use of multiple 
sources of radium within the uterus is not 
a new method of treatment. The technique 
presented here is essentially a modification 
of the method described by Heyman.’ 
From 1938 to 1941, inclusive, a total of 
69 patients with cancer of the corpus uteri 
were treated with radium at the Barnard 
Free Skin and Cancer Hospital, and on the 


teaching service at the Barnes Hospital. 
There is no justification for attempting an 
analysis of clinical results, but the number 
of patients is believed adequate for a pre- 
liminary report upon the methods of treat- 
ment. During this period a transition was 
made from the use of intra-uterine tandems 
to multiple sources. Of the total number, 
tandems were employed in 24 patients, and 
multiple sources in 45. Among those in 
whom multiple tubes of radium were used, 
the earlier gauze method was employed in 
36 individuals and the newer introducer in 
nine. It was during this period also that a 
transition was made to preoperative radium 
in all patients treated by hysterectomy. 
During the first half of the four year period 
a good many operable patients were treated 
by surgery alone, or in conjunction with 
roentgen irradiation. These are not here 
included, and their loss to radium treat- 
ment accounts for the relatively low 
hysterectomy rate to be shown later. 

In Table 1 is shown the number of pa- 
tients treated with radium applied by the 
different methods. With the exception of 
those in whom tandems were employed 
they have been grouped according to the 
depth of the uterine cavity. This is done to 
show variation in the average number of 
radium sources used, and in average total 
doses employed. It can be seen, that, for 
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multiple capsules, the number of sources 
placed in the uterus increases with depth 
of the cavity. For uteri of a given size the 
average number of sources is greatest 
among patients treated with the introducer 
devised recently. There is shown also an 
increase in average total dose with uterine 
cavities of greater depth. Among those 
measuring from 4 to § inches treated with 
the introducer, however, this increase is not 
apparent. That is due to the fact that only 
2 patients fall into the group in question. 
One of those had been irradiated elsewhere, 
and only a small additional dose of radium 
was given prior to hysterectomy. The most 
significant finding in the table is the aver- 
age dose per source. For tandems the 
amount contributed by each tube is enor- 


TABLE 


TOTAL NUMBER OF PATIENTS TREATED WITH 
RADIUM FOR CORPUS CANCER FROM 
1938 TO 1941, INCLUSIVE 


Number Depth of Number Total Dose per 
of Uterus of Dose Source 
Cases inches Sources’ mg-hr. mg-hr. 


Intra-uterine Tandem 
24 2-4 4000 1800 


Multiple Capsules with Gauze 


19 3-4 6 4800 800 
12 4-5 8 5600 7 
5 5-6 10 6500 650 


Multiple Capsules with Introducer 
3-4 10 4800 480 
4-5 12 4800 400 


| 


With the exception of those in whom tandems were used the 
patients have been grouped according to the depth of the uterus. 
With increase in uterine depth there can be seen increase in the 
number of sources used and total doses employed. For multiple 
capsules there has been a marked decrease in dose contributed 
per source. 


mous. Necrosis is to be expected. There is 
a marked decrease in dose per source among 
the first multiple-capsule treatments in 
which gauze was used. As a result the 
amount of necrosis was materially lessened, 
despite the fact that the minimum tumor 
dose was increased materially. There is evi- 
dence that the average dose per source will 
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become even less among patients treated 
with the newer method. 

So far as possible radium treatment has 
been followed by hysterectomy. The gross 
specimen obtained at operation supplies 


TaBLe II 


COMPARISON OF THE INCIDENCE OF PERSISTENT 
TUMOR FOUND AT HYSTERECTOMY OR BY 
CURETTEMENT IN CASES TREATED BY 
THE TWO DIFFERENT METHODS 
FOR APPLYING RADIUM 


Approx- 
imat 
Number Resid- No 
Per- 
Procedure of ual Tumor 
centage 
Cases Tumor Found 
without 
Tumor 
Intra-uterine Tandem 
Hysterectomy 8 7 I 
Curettement 8 I 
None 8 
Total 24 14 2 15 
Multiple Capsules 
Hysterectomy 18 3 15 
Curettement 11 3 
None 16 
Total 45 6 23 80 


excellent material for studying the effect of 
irradiation. Among those in whom radical 
surgery could not be done the attempt has 
been made to evaluate treatment by means 
of curettement done at varying periods after 
complete irradiation. In a good many in- 
stances no additional procedure has been 
performed. Many of these patients had ad- 
vanced lesions, and several are now dead. 
Others have refused examination by cu- 
rettement. Evaluation of the group in 
whom no additional procedure has been 
done must wait for analysis of five year 
results. In Table 11 can be seen the inci- 
dence of persistent tumor as determined by 
hysterectomy or curettement. Among pa- 
tients treated by intra-uterine tandems 
there were 16 followed by one of the above 
procedures. Residual tumor was found in 
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all except two. Upon that basis cancer was 
destroyed by irradiation in only about 15 
per cent. Among those treated by means of 
multiple capsules there are 18 upon whom 
hysterectomy has been performed. Resid- 
ual tumor was found in only three. Curette- 
ment was done in 11 others, with residual 
tumor found in three. It should be noted 
that, among 29 patients treated with 
multiple capsules followed by hysterectomy 
or curettement, no residual tumor was 
identified in 23, or about 80 per cent. 

Healy and Brown® have reported that 
histologic examination of uteri removed 
after treatment with an intra-uterine tan- 
dem revealed persistent carcinoma in pos- 
sibly 1 out of every 3 patients. The residual 
tumor was often degenerated markedly, 
and appeared to be unviable. The authors 
noted that uteri of larger size were more apt 
to show persistent cancer, and concluded 
that enlargement of the uterus presented 
a more serious prognosis. 

The presence or absence of identifiable 
carcinoma persisting in a uterus removed 
after preoperative irradiation does not pro- 
vide a positive index as to the clinical result 
to be expected. Failures may occur among 
those showing no evidence of cancer due to 
the survival of some tumor cells in tissues 
not removed surgically. It can also be 
stated that those showing an abundance of 
persistent cancer will be cured if all the 
tumor is limited to the uterus itself. Dono- 
van and Warren*® have questioned the value 
of preoperative irradiation upon the basis 


Tasce III 


PERSISTENCE OF CANCER IN SPECIMENS OBTAINED BY 
HYSTERECTOMY AT DIFFERENT INTERVALS AFTER 
TREATMENT BY MULTIPLE TUBES OF RA- 

DIUM INTRODUCED INTO THE UTERUS 


Time after Number Residual No Tumor 


Radium of Cases Tumor Found 
1 week 3 ° 3 
2 weeks 4 I 3 
8 weeks 4 I 3 
Over 8 weeks 7 I 6 
18 3 15 


of the high incidence of persistent cancer 
found in specimens obtained at hysterec- 
tomy. In the patients here reported the 
incidence is high among those treated with 
tandems, but remarkably low among those 
in whom multiple capsules were used. It 
should be noted that, in most clinical and 
statistical reports that have been pub- 
lished, the intra-uterine tandem has been 
the method generally employed for apply- 
ing preoperative radium. The use of mul- 
tiple capsules has made practical the ad- 
ministration of greater amounts of radia- 
tion. It is reasonable to believe, therefore, 
that ‘the technique in question will, for 
several reasons, result in some improve- 
ment in clinical results. The margin of im- 
provement is not expected to be great. It 
will apply chiefly to the occasional patient 
with moderate involvement of tissues ad- 
jacent to the uterus not removed surgically. 
The volume of tissue treated adequately 
by an intra-uterine tandem is not great. 
The use of multiple capsules will, due to the 
greater doses that can be employed, result 
in some increase in the volume of tissue 
receiving an adequate dose. 

In the attempt to combine preoperative 
irradiation with surgery in the treatment 
of operable cases there must be an optimum 
time for hysterectomy. If the tumor is not 
destroyed completely there is every reason 
to believe that the uterus should be re- 
moved before recovery of inadequately 
treated carcinoma has occurred. Evidence 
of tumor recovery can be found occasion- 
ally in uteri showing persistent carcinoma. 
Those specimens are usually the ones re- 
moved about six weeks after radium treat- 
ment. The presence of tumor showing ir- 
radiation effect adjacent to areas of fully 
viable and actively growing carcinoma was 
interpreted as evidence of recovery in a 
study of regression of cervical cancer.* It is 
well within the limits of probabilities that 
corpus cancer might be expected to show 
evidence of recovery within six weeks. For 
that reason one may assume that, whenever 
practical, hysterectomy should be done be- 
fore that period has elapsed. 
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Fic. 3. Multiple sources of radium within a uterus of average size presenting no marked irregularities. 
Capsules in the fundus are lying transversely to the axis of the uterus. 


In the attempt to better evaluate the 
optimum time for hysterectomy the inter- 
val between radium treatment and removal 
of the uterus has been varied deliberately. 
The results obtained in this experiment are 
given in Table 11. It is significant that an 
absence of residual tumor has been noted 
in specimens removed as early as one week 
after radium treatment. No definite com- 
mitment can be made upon the optimum 
time for operation, but on the basis of 
tumor recovery there is evidence that 
surgery should be employed before six 
weeks has elapsed. 

Each patient treated with multiple cap- 
sules has been studied by means of a roent- 
genogram taken while radium was in place. 
This procedure has been of value in the 
attempt to improve the technique. In 
Figure 3 can be seen an anteroposterior and 
lateral view made of a patient after mul- 
tiple capsules had been introduced into the 
uterus. In the fundus the sources are lying 
transversely to the axis of the uterus. An 
arrangement of this sort produces a more 
uniform radiation effect, but is not easily 
obtained in every instance. Use of the 


shortest sources increases the possibility 
for placing tubes in that position. Another 
roentgenogram shown in Figure 4 illus- 
trates the use of sources of greater diameter 
in the cervical canal. By this means the 
canal is kept sufficiently dilated for easy 
removal of the remaining tubes. It should 
be noted again that, among patients in 
whom the cervix is involved by a down- 
growth of cancer, the intracervical capsule 
should be of greater strength, and radium 
should also be applied in the vagina. 
Roentgenograms of a third case are 
shown in Figure 5. There are no capsules 
lying transversely across the fundus, and a 
tube of greater diameter was not used in 
the cervix. The roentgenograms are shown, 
however, for reasons of continuity. The 
uterus was removed two weeks after radium 
treatment. Two views of the gross specimen 
obtained at hysterectomy are shown in 
Figure 6. Upon opening the uterus the 
cavity presented a shaggy lining that could 
be stripped away with ease leaving a 
smooth, glistening surface except in the 
region of the fundus. The upper uterus 
probably received a lesser dose than more 
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Fic. 4. Multiple sources of radium within a uterus somewhat larger than average. A capsule of greater ex- 
ternal diameter is located in the cervix. By that means the canal is kept dilated for safe removal of the 
deeper tubes. The source in the cervix is of greater radium strength than those in the upper part of the 
uterus. 


Fic. 5. Lateral and anteroposterior roentgenograms illustrating the radium treatment of a case operated 
upon two weeks later. The gross specimen is shown in Figure 6. 
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Fic. 6. Uterus removed from a patient two weeks after radium treatment shown roentgenographically in 
Figure 5. Superficial lesion presenting a degenerated and shaggy endometrial lining that was easily pulled 
away except in the fundus. Adherence in the upper uterus may be associated with a lesser dose falling 


in that region. 


central regions. The finding of such a 
loosely attached endometrium is not un- 
usual, but occurs chiefly in the more super- 
ficial types of lesions. Evidence of the lack 
of infiltration can be seen in the photo- 
micrograph shown in Figure 7. This speci- 
men was taken from a region where the 


Fic. 7. Photomicrograph taken from the uterus 
shown in Figure 6, and illustrating the lack of 
infiltration. Section is from a part of the uterus 
from which the endometrial lining was pulled 
away. 


lining of the cavity had been stripped away 

Histologic examination of such degener- 
ated endometrium has rarely shown viable 
cancer. Few cellular elements remain, and 
the endometrium is replaced chiefly by exu- 
date. The exudate undergoes gradual 
organization, as can be seen in Figure 8. 


Fic. 8. Photomicrograph showing well developed 
organization of the inflammatory exudate replac- 
ing endometrium, and presumably tumor, in a 
uterus removed six weeks after radium treatment. 
Section from near fundus. 
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Fic. 9. Photomicrograph taken from near the cervix 
of the same specimen as shown in Figure 8, and 
showing the absence of necrosis and marked uni- 
formity of irradiation effect at the two extremes 
of the uterus. 


The section was taken from a uterus re- 
moved six weeks after radium treatment. 
Organization of the inflammatory exudate 
has taken place, and there is a beginning 
single layered growth of epithelium on the 
surface forming a new lining for the uterine 
cavity. This particular uterus showed a 
remarkable uniformity of radiation effect 
so far as histologic changes were concerned. 
The section already described was obtained 
from the fundus. A photomicrograph of 
tissue from the cervix is shown in Figure 9. 
Both of these sections show destruction of 
epithelial cells without residual necrosis. In 
each there is a comparable degree of injury 
to muscle and connective tissue as well as 
blood vessels. Such a uniform distribution 
of radiation effect is not obtained in all 
patients treated with multiple capsules, 
however, as can be seen in Figure 10. There 
is no question as to the presence of viable 
carcinoma in this specimen removed two 

weeks after radium was applied. There 
were, however, some areas in which com- 
plete degeneration of tumor had occurred. 

There is one case for whom particular 
discussion is indicated. Roentgenograms 
taken during radium treatment revealed 
an atypical arrangement of intra-uterine 
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sources. In both the anteroposterior and 
lateral views shown in Figure 11 there is 
evidence that two capsules are outside the 
uterine cavity. The presence of fever gave 
additional evidence that the uterus was 
perforated, and for that reason the radium 
was removed. One week later a second 
radium treatment was given without un- 
toward effects. Hysterectomy was done 
several days afterward. At operation the 
point of perforation was found extending 
into a small abscess buried in dense ad- 
hesions between the uterus and sigmoid 
colon. There was no residual tumor found 
in the gross specimen, and the patient made 
a satisfactory recovery. Follow-up has ex- 
tended over a period of nine months with- 
out evidence of recurrence. About three 
months after hysterectomy, however, the 
patient was re-admitted to Barnes Hospital 
with symptoms of partial intestinal ob- 
struction. These symptoms subsided under 
conservative treatment, and no_ other 
sequelae have occurred. 

It is interesting to note that Heyman, 
Reuterwall and Benner’? report a similar 
experience. In their presentation was pub- 
lished a photograph in which a similar ar- 
rangement of intra-uterine sources was 


Fic. 10. Photomicrograph showing the persistence 
of cancer in a uterus removed two weeks after 
radium treatment. 
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Fic. 11. Roentgenograms showing an atypical arrangement of intra-uterine 
sources of radium indicating a perforation of the uterine wall. 


found. Such instances illustrate clearly the 
value of roentgenograms taken during each 
treatment. Perforation of the uterus may 
present serious complications. It should be 
noted, however, that only one such injury 
is known to have occurred in our series of 
more than 45 cases of corpus cancer treated 
with multiple capsules. It is to be hoped 
that some time will elapse before such an 
accident occurs again, but one cannot ex- 
pect always to avoid perforation, even in 
the simplest types of intra-uterine pro- 
cedure. If in radium treatment there is a 
greater risk of perforation with multiple 
capsules, the better irradiation effects ob- 
tained by the method would seem to offset 
the added risk incurred. 

Any improvement in clinical results fol- 
lowing the addition of irradiation to the 
treatment of operable patients must be due 
to an effect upon tumor cells outside the 
volume of tissue removed surgically. In 
corpus cancer the point arises immediately 
as to how often there is apt to be extension 
outside the uterus itself. This cannot be 


determined on the basis of the histologic 
grade of the lesion, and it is impossible to 
visualize or adequately palpate such ex- 
tensions. The occasional patient with local 
recurrence after hysterectomy alone is, 
however, proof that involvement of those 
regions does occur. It seems logical, there- 
fore, to employ both irradiation and 
hysterectomy in all operable patients. At 
the same time it is difficult to reconcile the 
use of a large amount of radiation followed 
promptly by complete removal of the 
uterus. There can be no doubt that the 
greater tissue dose obtained outside the 
uterus by combining roentgen rays with 
radium before hysterectomy is responsible 
in part for the relative superiority for pre- 
operative treatment over postoperative 
roentgen irradiation alone. It should be 
noted, however, that in most instances the 
dose falling on tissues outside the uterus is 
not great. It would seem that there must be 
other factors responsible for the greater 
effectiveness of preoperative treatment. An 
explanation can be attempted upon the 
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basis of biologic factors. One might expect 
a greater degree of radiosensitivity before 
hysterectomy. Following removal of the 
uterus there is production of fibrosis, inter- 
ference with vascular supply, and disturbed 
anatomical relationships. Those factors 
might contribute to greater radioresistance, 
and thereby decrease the effectiveness of 
the relatively small amounts of postopera- 
tive radiation falling on regions not re- 
moved surgically. It would not seem that 
hysterectomy would interfere materially 
with the effect of radiation already applied 
to the outlying tissues. In fact the reverse 
might be true, in that the results from surg- 
ery actually augment the effectiveness of 
the previous treatment. 

In planning preoperative treatment the 
use of both roentgen rays and radium is to 
be recommended. The greater tumor dose 
obtained by a combination of the two 
methods is not the only indication for 
following such a program. For corpus 
cancer there are advantages gained in be- 
ginning treatment with roentgen rays that 
are identical in some respects to those 
noted in cervical carcinomas. Infection 
present in the lesion is decreased by pre- 
liminary roentgen irradiation. As a result 
of the decrease in infection there is less risk 
of necrosis from radium, and possibly a 
more favorable degree of radiosensitivity. 
In addition the effects of roentgen irradia- 
tion should lessen the risk of perforation in 
the more infiltrating types of lesions, and 
decrease the risk of radium capsules acting 
as pistons to force viable cancer cells 
through the lumina of the tubes in all cases. 

It is obvious that any advance in meth- 
ods of treatment for corpus cancer will im- 
prove clinical results not only in operable 
patients, but also in those unsuited to 
hysterectomy. So far as radium treatment 
is concerned, therefore, it can be said we are 
faced with a double responsibility. It is 
first necessary to devise a technique of 
treatment that will deliver a more practical 
distribution of radiation than that which 
is obtained from the usual intra-uterine 
tandem. By that means one may expect an 
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improvement in results among cases not 
suited to hysterectomy due to advanced 
involvement or some associated constitu- 
tional disorder. The second responsibility 
rests upon the more widespread application 
of improved radium technique to operable 
cases. 
SUMMARY AND CONCLUSIONS 


In 1938 the attempt was made to im- 
prove the effectiveness of radium treatment 
employed for cancer of the corpus uteri at 
the Barnard Free Skin and Cancer Hos- 
pital, and on the teaching service of the 
Barnes Hospital. A technique employing 
multiple sources of radium within the 
uterus was employed. Several modifications 
have been made in the attempt to simulate 
the method employed by Heyman. The 
technique is described, but sufficient time 
has not elapsed to permit a statistical sum- 
mary upon the results obtained. The num- 
ber of patients treated is believed adequate, 
however, for a preliminary report upon the 
method in use. 

Each case has been studied by means of 
roentgenograms taken while radium was in 
situ. The effect of irradiation upon the local 
lesion has been studied in gross specimens 
obtained at hysterectomy, or by curette- 
ment, whenever possible, in cases not 
suited to surgery. A marked decrease in the 
incidence of persistent carcinoma is noted 
for the multiple capsule technique in com- 
parison with patients treated in the same 
clinics with an intra-uterine tandem con- 
taining radium. For the multiple-capsule 
method there has been an increase in the 
total amount of radiation employed, but a 
marked decrease in the dose contributed by 
each individual source. As a result there 
has been a lesser amount of necrosis and 
other sequelae. 

The presence or absence of persistent 
cancer in a previously irradiated uterus 
cannot be interpreted as an accurate index 
of the end-result to be expected. Due to the 
marked improvement in irradiation effect 
noted for multiple capsules, however, it is 
believed that an improvement in clinical 
results is to be expected. 
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fundus. Am. J. Roentcenot. & Rap. THer- Causes, such as overcrossing of roentgen-ray 
APY, 1939, 4/, 789-797. beams and misplacement of radium tubes, 
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there may be physiological reasons for injuries 
of adjacent structures, as e.g., when seeds or 
needles are repeatedly inserted into poorly 
vascularized vaginal septa or when a large 
amount of roentgen radiation or radium is ad- 
ministered in a short time; the rectum and 
bladder do not support intensive short treat- 
ment as readily as when the same quantity of 
radiation is delivered in a longer period of time. 
The report of the Standardization Committee 
of the American Radium Society in 1937 called 
special attention to this possible source of 
injury, basing its conclusions on a survey of 
2,855 radiation treated cancers of the cervix. 
As a result of this survey, the period of the 
intracavitary radium therapy at the Presby- 
terian Hospital, New York, was raised from 
forty to one hundred hours, and the period of 
the roentgen treatments was lengthened from 
twenty to forty or even sixty days, while retain- 
ing the same total radiation doses. Since then, 
practically no bladder or intestinal injuries 
have been seen at the Presbyterian Hospital. 

In spite of the danger of irradiation injury in 
radiotherapy of cancer of the cervix, the im- 
portance of roentgen treatment should not be 
underestimated, even in cases which clinically 
are classified as Stages 1 and 11. Clinical deter- 
mination of the extent of the cancer is not very 
accurate, and intracavitary radium does not 
adequately irradiate silent parametrial exten- 
sions and regional lymph node metastases. 
While the roentgen-ray dosage which may be 
administered safely is probably sufficient only 
to restrain such growths and not to destroy 
them, even this effect may prolong life. 

Drs. Arneson and Nolan clearly demon- 
strated that in the radium treatment of cancer 
of the fundus in large uteri, Heyman’s method 
of filling the uterus with multiple radium tubes 
is superior to the use of single, ‘““Y’’ shaped, or 
triple, radium-containing applicators. Ade- 
quate intra-uterine irradiation in fundus cancer 
is important especially in very fat women, as 
in them it is difficult to deliver a satisfactory 
depth dose with external 200 kv. roentgen 
therapy. 


Dr. Mitton FriepMan, New York. I would 
like to discuss two points: first, there is no 
question that in the treatment of carcinoma of 
the cervix the addition of roentgen therapy to 
radium therapy improves the results. Under 
certain ideal circumstances (a radiosensitive 
tumor in a thin patient), the daily tumor dose 
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and the total dose may be such that roentgen 
therapy alone can eradicate the tumor. 

Under different circumstances, pre-radium 
roentgen therapy can unfavorably affect the 
outcome. In obese patients, the daily tumor 
dose is inadequately small, being in the 
neighborhood of 100 r. When such irradiation 
is carried on for four or five weeks, and then 
another week or two elapses while the patient 
is being admitted to the hospital and prepared 
for operation, there may be a total lapse of time 
of five to seven weeks between the first roentgen 
treatment and the radium insertion. As a result, 
only the more radiosensitive tumor cells are 
destroyed; the remaining cells mature and be- 
come. more radioresistant; the tumor bed be- 
comes more fibrous and less vascular; and con- 
sequently it becomes necessary to administer a 
very large dose of radium to a tumor which is 
now more radioresistant, and which lies in a 
tumor bed that is now less tolerant to radiation. 
This was strikingly illustrated in a series of 
patients who received preliminary roentgen 
therapy of 3,000 to 4,000 r to each of four skin 
portals over a period of five weeks, and then 
7,000 to 8,000 mg-hr. radium (Curie technique). 
To our amazement, one-fourth of the patients 
developed local recurrences in the cervix itself. 

The solution is varied, depending upon the 
radiosensitivity of the tumor, the skin-tumor 
distance, and the daily tumor dose. The arrest 
of carcinoma of the cervix is accomplished es- 
sentially with radium. Roentgen therapy is an 
adjuvant which offers variable though limited 
assistance. 

Another point: There appear to be as many 
corpus carcinoma radium gadgeteers as there 
are military armchair strategists. The principles 
of multiple foci of radium, and flexibility of 
their dispersion are essential. When multiple 
tubes are used, it is necessary to fix them in 
position, otherwise they will drop to the de- 
pendent part of the uterus, and will leave the 
fundus and upper corpus under-irradiated. At 
least one tube should rest broadside against the 
fundus. Little radiation comes from the end of 
a radium tube. Several tandems situated more 
or less vertically in the uterus will not effec- 
tively irradiate the fundus and the cornua. 


Dr. Bowne (closing). As to Dr. Lenz’s 
reference to the statistical phase of my paper, 
I am sorry that I do not feel qualified to enter 
upon a worthwhile discussion of the probable 
values contained in statistical data, and the 
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best or most suitable method of calculating the 
end-results in the treatment of cancer of the 
uterus. | am most certain the Division of Biom- 
etry and Medical Statistics at the Mayo Clinic 
would be glad to provide a discussion of our 
methods of calculation and presentation of 
statistical material. I shall be pleased to help 
in every way I can. 

The point which Dr. Lenz wishes to make in 
his statement that all Grade 4 lesions, if studied 
would be found to be inoperable because of 
their extent alone is not clear to me. In the 
main, his statement is acceptable; however, it 
seems possible that in some cases a lesion of 
Stage 1 or 11 could have a Grade 4 pathologic 
change or category. In other words, Dr. 
Broders’ early studies concerning the estima- 
tion of grade were carried out on surgical ma- 
terial. When grade alone was considered, go 
per cent of those patients who had Grade 4 
lesions did poorly after surgical intervention. 
Studies are in progress which will show the 
relationship between grade and stage of in- 
volvement and the surgical results obtained. 

The influence of the age of the patient and 
the grade of the lesion is of interest. On the 
basis of our limited studies of cases of cancer of 
the uterine cervix, we may conclude that age 
does not affect grade in that the young adult 
patient may have malignant lesions of any 
one of the four grades. There seems to be no 
predominance of particular observations in the 
group studied. 

The point I wish to emphasize is that the 
gross characteristics and extent of a lesion of 
the uterine cervix are, in the main, the deciding 
factors governing the initial application of 
radium. In other words, the treatment is not 
administered with only the grade of the lesion 
as the determining factor. Furthermore, it is 
important to space applications of radium so 
that local necrosis or enhancement of the local 
necrosis already present will be avoided, and 
so that regional and systemic reactions will be 
reduced to a minimum. In brief, the importance 
of individualized radium therapy is recognized. 

We rather expected the results obtained 


in the treatment of cancer cf the body of 
the uterus, because the radium treatment of 


that particular condition can be classed as a 
standard technique, devoid of many valuable 
individual factors. Therefore, our results should 
be rather uniform for comparisons. 


Dr. Friedman mentioned the fact that many 
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different types of radium applicators have been 
designed for intra-uterine treatment, although 
my experience with the various types is rather 
small. Yet, I am of the opinion that as a rule 
they all possess common factors governing their 
limitations in intra-uterine treatment. 

In answer to the inquiry concerning the use 
of preliminary roentgen treatment in our cases 
of cancer of the uterine cervix, I can say that 
we do not employ this method routinely. We 
do have in our files records of a small number 
of patients so treated, as well as records of a 
larger number of patients who came to our 
section for further consideration after pre- 
liminary roentgen treatment had been ad- 
ministered elsewhere. On the basis of these 
observations and our own experience, we be- 
lieve that the rather prompt beneficial response 
obtained by the initial application of radium 
produces a superior early result, and that, also, 
the economic or time factor involved in the 
technique of preliminary roentgen treatment is 
greater than it is in our procedure of initial 
radium therapy followed by supplemental 
roentgen therapy. I feel rather certain that 
there is as yet no substitute for the well-planned 
technique of initial treatment with radium for 
patients who have cancer of the uterine cervix. 

I agree with Dr. Martin’s statement that 
maintenance of the integrity of th. tissues 
which compose the tumor bed is very essential 
for satisfactory early and late results of treat- 
ment. The selection of the proper treatment 
factors for each patient will make the con- 
valescence shorter and reduce to a minimum the 
probable late, painful and disabling sequelae. 
This feature of any technique of treatment is 
worthy of all possible attention. 

Preoperative irradiation was also mentioned. 
This is a very interesting method of treatment 
and is deserving of consideration. Briefly, pre- 
operative treatment is applied today in a very 
limited way. The few patients we have treated 
were treated by various techniques. Satis- 
factory statistical studies are not available. 
Evidently, some definite good can be expected 
from the procedure. A suitable preoperative 
technique remains to be established. Certain 
features seem important. For example, (1) the 
treatment should be administered with the 
thought in mind that other therapeutic pro- 
cedures will follow; (2) the time allowed be- 
tween this type of treatment and surgical inter- 
vention should be sufficient to permit the 
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utmost good to result from the therapeutic 
effects and to permit tissue reactions to sub- 
side, and this interval probably is a matter of 
weeks or in some cases months, and (3) it 
should not be expected that inoperable lesions 
will be made operable by means of preoperative 
treatment. In the future this method of treat- 
ment may become more favored than it is 
today. In some communities an economic factor 
may limit general acceptance of it. 


Dr. Martin (closing). I wish to thank Dr. 
Lenz for his excellent discussion and to apolo- 
gize for not stressing his report made in 1937. 
Apparently his experience more or less parallels 
ours. The numerous reports of serious injuries 
which have appeared in medical journals during 
the past few years indicate that his work has 
been disregarded in many quarters. 

I will be much interested in his final survival 
rate in Stage 111 cases treated with his intensive 
roentgen-ray technique without serious se- 
quelae. Most of the reports which I have 
studied have not shown enough improvement 
in five year survival rate from the more in- 
tensive techniques to convince me that the 
increased danger to normal structures is justi- 
fiable. 

Dr. Lenz stated that intensive preliminary 
roentgen therapy makes the application of 
radium easier. In our experience such has not 
been the case. This is probably due to the fact 
that we like to use large radium spools in the 


vaginal vaults and the shrinkage resulting from 
the roentgen irradiation makes their proper 
application practically impossible. 

In going over the literature I have been un- 
able to find any accurate experimental data 
covering the exact tolerance dcses for the 
normal structures in the pelvis under standard 
treatment conditions. In my opinion, some of 
the research departments in our large institu- 
tions should be put to work on this important 
problem. 

Since I also have devised a radium applicator 
for the treatment of cancer of the uterine 
fundus, I cannot resist the temptation to dis- 
cuss that subject. The multiple capsules ad- 
vocated by Heyman are only effective when 
they are kept well up in the top of the uterus in 
intimate contact with the malignant tissue. If 
they are held in place by a pack, drainage is 
interfered with and when they are not packed 
in position they tend to fall away from the 
tumor. Each of our capsules is attached to a 
short wire by a hinge. A loop on the lower end 
of each wire protrudes through the external os 
and when the fundus is filled with capsules 
drainage is maintained along the wires which 
insure their being held in the proper position. 
The hinges allow the capsules to be maneuvered 
into uterine cavities of various shapes and sizes. 
It seems reasonable to assume that Dr. Healy’s 
prognostic sign, namely, the size of the uterus 
may no longer be so important when the larger 
tumors are more efficiently irradiated. 
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CANCER OF THE CERVIX 
THE EFFECT ON THE RATE OF CURE OF INCREASED ROENTGEN 
RADIATION TO THE PARAMETRIA* 


By WILLIAM P. HEALY, M.D., and GRAY H. TWOMBLY, M.D. 


From the Memorial Hospital 
NEW YORK, NEW YORK 


oe THE six years from 1932 to 1937, nine 
hundred and twenty cases of primary 
cancer of the cervix were seen in the gyne- 
cological department of the Memorial 
Hospital. This total is large. The patients 
have been seen and treated by a few men. 
During this period the method of giving 
radium has been practically constant while 
several different schemes of giving external 
roentgen therapy have been used. Con- 
sequently, this group of cases offers an al- 
most ideal set of statistics for an inquiry 
into the question of what value roentgen 
therapy may have in the treatment of can- 
cer of the cervix and what form of roentgen 
therapy appears to be the most effective. 

In 1931 Healy* reviewed the results of 
treatment of 1,574 cases of carcinoma of 
the cervix at the Memorial Hospital. This 
included all cases seen and treated from 
1918 up to 1931. During this period the 
treatment given consisted of a vaginal 
bomb for 1,000—3,000 me-hr. with a filtra- 
tion of 2 mm. of brass, and an application 
of radium to the cervical canal of 1,500 to 
3,000 me-hr. filtered with 0.5 mm. of 
platinum or gold and 1 mm. of rubber. In 
addition, from 1918 to 1925, unfiltered 
glass radon seeds for 200 to 2,000 mc-hr. 
were inserted into the cervix. In 1925 these 
were replaced with gold seeds, 0.3 mm. in 
wall thickness. 

External irradiation was given from 1918 
to 1921 with radium in an external pack in 
six positions around the pelvis. The radium 
was held on a brass and bakelite block 4 
cm. away from the skin and a total dose of 
9,000 to 18,000 mc-hr. given. In 1922 this 
was replaced by low voltage roentgen 
radiation with 4 mm. of aluminum filtra- 
tion delivered at a target-skin distance of 


.30 cm.; 140 kv. (peak). Sixty ma-min. or 
about 400 r were delivered to each of four 
fields. The roentgen as a unit of roentgen- 
ray measurement had not been established 
at this time. This dose is estimated on the 
basis of the skin reactions usually observed. 
In 1926 this type of treatment was replaced 
by high voltage roentgen therapy. 

As we know now, the amount of radia- 
tion delivered to the cervix or parametria 
by the external radiation therapy used 
from 1918 to 1926 was not very large. Con- 
sequently, the five year cure rate reported 
by Healy of 22.5 per cent represents what 
may be expected by the application of 
radium alone to the cervix as we have con- 
tinued to use it, for the dose of radium used 
in our cases up to and including 1937 is 
essentially unchanged from that reported 
in this paper of Healy’s. 

In 1937 Healy and Frazell’ reported the 
results of treatment of 551 cases of primary 
carcinoma of the cervix seen during the 
years 1928 to 1931, inclusive. These patients 
were treated first with high voltage external 
roentgen therapy delivered through four 
10 by 15 cm. pelvic portals. The daily dose 
was 750 r to one field. The physical factors 
were 200 kv. (peak), 4 or 30 ma., $0 cm. 
target-skin distance, and 0.5 mm. Cu fil- 
tration. Within a week or ten days follow- 
ing the last roentgen treatment, a radium 
treatment of 1,500 mc-hr. was given di- 
rectly against the cervix by means of a 
vaginal applicator or “bomb.” The follow- 
ing day an intracervical and intra-uterine 
application of radium of 3,000 mc-hr. was 
made with two capsules, the filtration of 
which was 0.5 mm. platinum and 1 mm. 
rubber. 

The five year survival rate for this 


* Presented at the Twenty-seventh Annual Meeting, American Radium Society, Atlantic City, N. J., June 8-9, 1942. 
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method of treatment in this group of cases 
was found to be 27.7 per cent. These figures 
suggest that the addition of more efficient 
high voltage external roentgen therapy 
previous to the local application of radium 
had raised the cure rate approximately 23 
per cent. 

In 1934 Arneson and Quimby? reported a 
study of the distribution of roentgen radia- 
tion within the female pelvis for different 
physical factors of irradiation. They con- 
cluded that the use of six pelvic fields, each 
10 by 15 cm. (two anterior, two posterior, 
and one on each lateral surface) with a tar- 
get-skin distance of 70 cm. was the most 
desirable of the methods they investigated 
for giving external irradiation in cancer of 
the cervix. While this report was published 
in 1935, the studies which led up to it had 
been made several years previously and 
the treatment in favorable cases in our 
clinic had been changed in 1933 by using 
six fields, increasing the distance to 70 cm. 
and giving daily doses to each of two fields 
of 200 r. The total dose per field was 2,000 
to 2,400 r. Again the physical factors were 
200 kv. (peak), 30 ma. current, 0.5 mm. 
Cu and 2 mm. Al filtration. This treatment 
took three to four weeks to complete. It 
was estimated that it delivered 3 to § 
threshold erythema doses to the parametria 
for a distance of 10 to 11 cm. lateral to the 
cervical canal. This method of treating 
patients was reported first by Healy and 
Arneson® in September, 1933 (see Fig. 1). 

In 1935 Healy® made a preliminary re- 
port on 107 patients who had been so 
treated. He found skin reactions and in- 
testinal disturbances more marked than 
with single doses of 700 r to each of six 
fields. Rarely were the skin reactions severe 
enough to force the stopping or postponing 
of the treatment, but occasionally the 
symptoms of large bowel irritation did so. 
Bladder symptoms were found to be mild. 
The immediate healing observed in the 
cervix and the marked regressive changes 
observed microscopically in the tumor, 
while not complete, .were exceedingly en- 
couraging. 
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This method of treating cancer of the 
cervix was continued for several years and 
will be referred to as “‘divided dose tech- 
nique” in this paper. It was used routinely 
on clinic patients from 1933 to 1936 when 
the patient lived near the hospital so that 
daily visits were practical for her. 

In private cases, largely for economic 
reasons, treatment through four or six 
pelvic portals with doses of 700 to 750 r to 
each portal were continued throughout 
this period. Patients living at a distance 
were also so treated. This method will be 
referred to as “massive dose technique.” 

It should be noted, as shown in Figure 1, 
that the total amount of roentgen radiation 
delivered to the parametria in the “divided 
dose” type of treatment is much greater 
than that given by the “massive dose” 
type. The tissues lying next to the walls of 
the pelvis receive less than one threshold 
erythema dose of radiation when a radium 
bomb and tandem alone are used. With 
the “massive dose” type of treatment these 
tissues receive 0.8 to 2 threshold erythema 
doses. When the “divided dose” technique 
is used and 12 X200 r (2,400 r) is delivered 
at 70 cm. to each of six fields, the same 
areas receive 4 to 7 threshold erythema 
doses. Of course, it must be remembered 
that “‘massive dose” technique requires 
only a week or less to deliver the full dose, 
while ‘“‘divided dose” therapy usually re- 
quires thirty-six treatment days or six 
weeks. Thus, the increase in dose to the 
parametria is probably less than arithmet- 
ical if one considers the factor of biological 
recovery taking place in such a treatment 
interval. 

In his report in 1935 Healy® notes ob- 
servations made by Stewart on multiple 
biopsies taken from the cervix during the 
course of “divided dose” roentgen therapy. 
Stewart felt that in some instances the later 
biopsies showed a slowing up in irradiation 
effect on the cancer cells after a week or 
ten days of treatment. Following this lead 
14 cases were treated through four portals 
giving 200 rX5 to each portal, or a total 
of 1,000 r, and then increasing the daily 


| 
° 
° 
© 


dose 

to ea 

2,50C 

- cycle 

three 

| 

4 Fic. 

is | 

up 

pi 

log 

met 

200 

250 

por: 

and 

“din 

P Ste 

dior 

cou 


Vou. 49, No. 4 Cancer of the Cervix 521 


dose to 300 r for five additional treatments 


to each portal. This gave a total dose of 
2,500 r. Two cases were given 200 r for one 
cycle, 300 r for four cycles, and 400 r for 
three cycles, or 2,600 r per portal. Another 


16 X 10 CM. 
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TANDEM 3000 MC-HRS. 
BOMB I1SOOMC-HRS. 
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RADIUM: 
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FOUR FIELDS 
(MEASURED IN AIR) 


nique was adopted and has been used on 
all ambulatory clinic cases living near the 
hospital up to the present time. This we 
will refer to as “pyramidal dose technique.” 
It consists in treating the patient through 


x 


A 
RADIUM: 


TANDEM SOOO MC-HRS. 
1S OOMC-HRS. 


200 KV. 70 CM. 
200 R.X 12(2400R) TO EACH 
OF SIX FIELDS. 
(MEASURED IN AIR) 


Fic. 1. A diagram to show the distribution of radiation in the average female pelvis when the radium dosage 
is kept constant (bomb with 1,500 me-hr. Tandem = 2,000 mc-hr. in the lower capsule, 1,000 mc-hr. in the 
upper capsule) and the external roentgen therapy is varied. It should be noted that “‘massive dose” as 
pictured would take four days to deliver; “divided dose,” thirty-six days, and this time interval is of bio- 
logical importance (data for diagram taken from Arneson).! 


method followed in some cases was to give 
200 rX5§ to each portal and follow with 
250 rX2 or a total of 1,500 r to each of six 
portals. The groups so treated were small 
and all are included under the heading 
“divided dose technique.” 


In 1936, following the suggestions of 


Stewart about the apparent increasing ra- 
dioresistance of cervical cancer during the 
course of roentgen therapy, a new tech- 


six pelvic portals, each 10 by 15 cm., two 
anterior, two posterior, and one on each 
side. The factors are 200 kv. (peak), 0.5 
mm. Cu filter, 30 ma. current, and 70 cm. 
target-skin distance. Two opposite portals 
are treated daily. These receive 100 r the 
first day. Two more receive 100 r the next 
day, and the last two 100 r on the third 
day. On the fourth day the first two por- 
tals receive 150 r, and so on. The third 
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cycle is 200 r per portal; the fourth, 250 r; 
the fifth, 300 r; the sixth, 350 r; and the 
seventh, 350 r. This totals 1,700 r per 
portal. This amount of roentgen radiation, 
with the factors given, seems, in the ma- 
jority of the patients so treated, to repre- 
sent the maximum dosage that the normal 
tissues in the irradiated fields can with- 


150 


22-239 35-39 40-4 15-42 55-59 6061 65 69 70-74 75-86 Age Unknow: 


Fic. 2. Age distribution of 920 cases of primary car- 
cinoma of the cervix seen at the Memorial Hospi- 
tal between 1932 and 1937 inclusive. 


stand. Moreover, at this dosage level many 
patients are inclined to develop marked 
digestive and intestinal disturbances. The 
entire treatment takes three and a half 
weeks. Four to six weeks later a vaginal 
applicator containing radium is inserted 
for 1,cco to 1,5co mc-hr. and the next day 
a radium tandem is placed in the cervical 
canal for 3,0co mc-hr. The filtration is 0.5 
mm. platinum and 1 mm. rubber. Two 
tubes of radon are used, the upper, which 
goes into the uterine cavity, containing 
one-half the amount in the lower capsule 
while lies directly against the cancer in the 
cervix. 

As mentioned in our introductory para- 
graph, this method of applying radium has 
not changed from 1932 to the present. We 
have then, a large number of cases receiv- 


ing the same dose of radium, seen by the 
same attending physicians, followed with 
the same care, and drawn from the same 
population, the only variable being the use 
of one of three methods of external roent- 
gen therapy, i.e. ‘““massive,” “divided,” or 
“pyramidal dose technique.” 


MATERIAL 


During these years 920 cases of primary 
carcinoma of the cervix have been seen 
and treated in our clinic. The age distribu- 
tion is given in Figure 2 which shows the 
highest incidence to lie between forty-five 
and: forty-nine. Twenty-three cases were 
under thirty years of age; the youngest, 
twenty-two; thirteen were over seventy- 
five, the oldest being eighty-six. 

The majority of cases occurred in mar- 
ried women who had borne children. Of the 
g20 patients, 607 were married and 240 
widowed while 42 were separated or di- 
vorced. Only 24 were single and of these, 6 
admitted that they had been pregnant or 
borne children. On 7 charts the marital 
status was not recorded. Thus, only 18 out 
of 913, or 2 per cent, were even nominally 
virgins. These figures serve to emphasize 
once again that cancer of the cervix is a 
disease of married and usually parous 
women. 

Turning to the nationality of the pa- 
tients, as indicated by the hospital records, 
it is found that 417, or 45.3 per cent, were 
born in the United States. Italians made up 
the next largest group with 126, or 13.7 per 
cent. There were 78 Negroes, or 8.5 per cent, 
62 Germans, Dutch or Austrians, or 6.7 per 
cent, and 41 Irish, or 4.4 per cent. In 
spite of the large Jewish population in New 
York and the preponderance of Jews in our 
other clinics, only 46, or 5.0 per cent, were 
Jewish in this group suffering from cancer 
of the cervix. This figure is a generous one. 
There was no way of checking race save by 
the charts. If a name was Jewish but no 
special note was made of the patient’s racial 
extraction, she was counted as Jewish. 
Consequently, the 46 probably include sev- 
eral who do not belong in this group. It is 
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indeed a striking fact that a maximum of 
only 5 per cent of the cases of cancer of the 
cervix occurred in Jewish women, and it is 
hard to believe that this can be accounted 
for by any marked difference in sexual 
hygiene. The occurrence of cancer in the 
cervix among married women with un- 
circumcised husbands would seem a fertile 
field for research into etiological relation- 
ships. 

The possibility that the kind of partner 
may play a larger rdle than the parity of 
the patients is suggested further when one 
examines the reproductive histories of our 
patients. Of 532, in whom complete repro- 
ductive histories were recorded, 70, or 13.1 
per cent, had never been pregnant. Many 
had been pregnant a large number of times, 
however, so that the average number of 
pregnancies was 4 per patient. The number 
of viable births in this group averaged 
3.03 per patient. 

Is there any abnormality about the men- 
strual history of patients who later develop 
cancer of the cervix? Our data are not com- 
plete, but what we have fail to show any 
striking features. Of 379 patients, 221 
stated that the onset of their menstrual 
periods was between the ages of thirteen 
and fifteen. Ninety-four began to men- 
struate at the age of twelve or younger; 64 
at sixteen or older. Of 413 patients, 390 
menstruated every twenty-four to thirty- 
two days; 22 every twenty-three days or 
less and 1 every thirty-three days or longer. 


TABLeE | 


DURATION OF SYMPTOMS 


Length of Time No. of Cases 


Under 2 weeks 21 
Between 2 weeks and 1 month 49 
1 to 2 months 14] 
3 to § months 228 
6 to 11 months 196 
12 to 23 months 1S! 
24 to 35 months 56 
36 months or more 50 
Not stated 28 
920 
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The duration of flow was three to six days 
in 296 patients. It was prolonged to seven 
days or more in 54 and was scanty, lasting 
two days or less, in 19. Thirty-five patients 
said that ther periods were “‘irregular.” 
An attempt was made to determine 
whether any previous gynecological opera- 
tions had been performed on many of the 
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Fic. 3. Age at the menopause of 402 cases of 
cancer of the cervix. 


patients but on this point not much infor- 
mation was recorded on the charts. Thirty- 
two patients said that they had undergone 
dilatation and curettage previous to the 
onset of the present illness. In 1 case the 
cervix had been cauterized. In 7 it had been 
repaired. Evidently the last type of opera- 
tion will not prevent cancer of the cervix in 
all cases. In 24 patients some type of vagi- 
nal plastic operation had been done. Forty- 
eight had lost one or both ovaries. 

In 383 the menopause had not been 
reached. The age distribution at the meno- 
pause in the remaining 402, in which this 
fact was recorded, is shown in Figure 3 
with the highest incidence at forty-six to 
forty-seven and fifty to fifty-one. 

Of course the commonest symptom of 
cancer of the cervix is bleeding. This was 
noted as occurring between the periods or 
after the menopause in 786 instances. Con- 
tact bleeding was noted by 138 patients; 
increased flow at the periods by 141; 449 
had vaginal discharge; 331, pain; 294, loss 
of weight; while 18 had urinary inconti- 
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nence. In Table 1 is recorded the duration of 
symptoms. It is to be noted especially that 
257 had been aware of some symptom for a 
year or more before they came to us. This 
is 27.9 per cent of the whole group. It con- 
stitutes an unfavorable commentary on our 
ability to get early treatment to the patient 
with this disease. 

From these figures it is seen that our 
entire group of 920 cases are not very 
different from other groups having cancer 


Taste II 


REASONS FOR UNSUITABILITY OF 351 CASES 
AS MATERIAL FOR THIS STUDY 


1. No bomb or tandem used in this hospital 100 
2. No bomb 75 
3. No tandem 31 
4. No primary roentgen therapy in this hospital 
but orthodox radium treatment 57 
5. No primary roentgen therapy or bomb 14 
6. No primary roentgen therapy or tandem 6 
7. Roentgen therapy only partially completed 3 
8. No roentgen or radium therapy in this hos- 
pital 40 
9. No biopsy obtained 17 
10. Patient followed for less than 1 month after 
completion of treatment 2 
11. Mixed forms of roentgen therapy (i.e., part 
massive, part divided) 3 
12. Radium given in some special manner 2 
13. Rare tumor of the cervix—‘‘adenomyosar- 
coma” I 
Tora 351 


of the cervix. They emphasize again the 
points which are already well known, that 
cancer of the cervix occurs in married 
women but fails to appear with expected 
frequency among Jewish women in spite of 
their varied social and national back- 
grounds and their frequently high birth 
rate. 
THERAPY 


We come now to the main part of this 
paper, a consideration of the results of 
different types of external roentgen therapy 
on the cure rate. In a search of the litera- 
ture few studies were found in which any 
such comparison has been made. Schmitz, 
Schmitz and Sheehan" have compared the 
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results they obtained with radium (3,000~ 
4,000 mg-hr.) and 140 kv. roentgen rays 
(20.8 per cent gross three year cure rate) 
with a group treated with radium (4,500 
mg-hr.) and 200 kv. roentgen rays (29.2 
per cent gross three year cure rate) and 
with a group of 34 treated with 800 ky. 
roentgen rays (50 per cent gross three year 
cure rate). A later report by Schmitz and 
Sheehan" records 26 cases treated with 
800 kv. roentgen rays and radium with 12 
survivors at five years, or 46.1 per cent. 

Several authors have published statistics 
on the improvement in five year cure rates 
in cancer of the cervix when roentgen ther- 
apy was added to the radium treatment 
previously used. For instance, Smith and 
Pemberton” report a 42 per cent five year 
cure rate for patients treated with roentgen 
rays and radium from 1929 to 1933 inclu- 
sive, and compare this with 28 per cent 
cured between 1924 and 1928 by radium or 
surgery or both. Of 106 cases treated in 
1929 to 1933 with radium alone, 30, or 28 
per cent, survived at five years, while of 154 
cases treated with radium and roentgen 
radiation in the same years, 65 survived 
(42 per cent). That this represents a real 
increase in survival rate is suggested by 
their gross survival rate of 38 per cent of all 
cases seen in these later years. 

Meigs and Jaffe* report a group of 70 
cases with 24 showing clinical cure at the 
end of five years, or 34.4 per cent. This they 
attribute to external roentgen therapy. 

Several papers have appeared in which 
varying techniques of radium application 
have been compared, notably papers by 
Pitts and Waterman,’ and the League of 
Nations reports, so ably reviewed and sum- 
marized by Swanberg," but with this ques- 
tion we are not concerned in this paper. 

With our own cases we have selected for 
comparison only those cases in which the 
following criteria were fulfilled: 


1. The diagnosis was confirmed by biopsy. 

2. The patient was treated with a vaginal 
applicator for at least 1,000 mc-hr. 

3. A tandem of radon capsules was inserted 
into the cervix. 
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TaBLe III 


FIVE YEAR CURE RATES 


387 cases seen from 1932 to 1935 inclusive, proved by biopsy, treated by radium and 


League of Nations Classification 


Per | Stage Per | Stage 
Total Cent | 1 Cent] w 
Massive Dose | 
Total | 288 100 49 #17 98 
Lost under 5 | 
years | 418 6.2 3 6.1| 8 


Dead under §¢ | 
years cause 
unknown or 


cancer | 170 §9.0 
Dead under 5 | 
years with- | 
outcancer | 8 2.8 | I 2.0 | 3 
Alive at § 
years with- | 
out cancer 82 28.5 26 Ke 
Alive at § years | | 
with cancer | 10 2 4.0 4 
Divided Dose 
Total 99 100 12 12 22 
Lost under § 
years 6 6.1 I 8.3 3 


Dead under 5 
years cause | 
unknown or 
cancer s1.6| 3 28-0] 12 

Dead under 5 
years with- 


out cancer | 4 3.0 I I 
Alive at 5 years 

without can- | 

cer 35 35.4 6 50.0 16 
Alive at 5 years | 

with cancer 4 4.0 9 8.3 ° 


4. Either “massive dose,” “‘divided dose,” or 
“pyramidal dose” technique of roentgen ther- 
apy was used. If less than three-quarters of the 
scheduled treatment was actually delivered, the 
case was not considered suitable. 

5. The case was followed for at least a month 
after completion of therapy. 


When these criteria are applied, of 597 
cases seen and treated between 1932 and 
1935 inclusive, 288 are suitable as examples 
of “massive dose technique” and gg as 
examples of “divided dose technique.” If 


full roentgen therapy and followed after treatment 


Per | Stage Per | Stage Per |Undiag- Per 
Cent mur Cent 1v Cent | nosed Cent 


Co 


| 
| 
34 | 126 44 
| 
| 


83.3 6 66.7 


4 3-2 | fe) fe) re) 
4.1 4 3.2 fe) 
32 48 48 7 7 
9.4 | I 2.1 fe) fe) | I 14.3 
| | 
| | 
37-5 | | Oo. | 3 42.8 
| | 
3.1 I 2.1 
| | 
§0.0/ If 22.9] © 3 42.8 
| 


° 2 4.2 ° 


the 920 cases seen from 1932 to 1937 in- 
clusive are studied and three year cure 
rates used, 363 are suitable as examples of 
“massive dose technique,” 163 as examples 
of “divided dose technique,” and 43 as ex- 
amples of ““pyramidal dose technique,” or 
a total of 569. The remaining 351 were 
considered unsuitable for this study for the 
reasons listed in Table m1. 

In Table m1 are given the five year cure 
rates of the suitable “divided dose” and 
“massive dose” cases. They are respec- 


« 

| | 

6 2 9 
| I 16.7 I 11.1 
| | Fs 
| | | 
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Taste IV 
THREE YEAR CURE RATES Vou. 4 
: 569 cases seen from 1932 to 1937 inclusive. These cases include all proved by biopsy, 
treated by vaginal and cervical radium application, and by full roentgen therapy tivel’ 
and followed for at least a month after the completion of the treatment In 
= for a 
League of Nations Classification dose, 
BS Per | Stage Per Stage Per | Stage Per | Stage Per | Unclas- Per wes 
Cent | 1 Cent) Cent! Cent) Cent sified Cent cent 
| | rates 
Massive Dose | | 38 
Total | 363 100 | 68 18.7) 122 33.6| 156 43.0 | 8 2.2 9 2.5 37.2 
Lost under 3 | "Th 
Dead under 3 | 28.5 
cause | | the 
unknown | from 
or cancer 197 54-3 | 18 26.5 48.3 | 108 69.3 87.5 5 $5.5 dose 
Dead under 3 | diffe 
years with- | 
out cancer 9 i 4-4 3 2.5 3 fe) the 
Alive at 3 | if all 
years with- | | “div 
out cancer 123 33-9 | 40 58.9 45 36.9| 35 3} 33-4 pect 
Alive at 3 | In 
| 
years with 
cancer 15 4.1 3 4-4 6 4-9 6 3.8 fe) fe) fe) fe) h 
Divided Dose | and 
Total 163 100 18 31.9| 81 49.7 ° 12 7.4 tions 
. Lost under 3 had 
years 7 4-3 I 5.5 4 I 1.2 fe) I 8.4 
: Dead under 3 | ; 
years cause | 
unknown | ine 
orcancer | 86 52.7/ 27.8; 21 40.4| 54 66.7 | ° 6 the 
Dead under 3 | refer 
years with- | 
out cancer | 4 2.5 fe) 2 3.8 | 2 fe) fe) h 
Fe Alive at 3 | chan 
years with- | nota 
7 out cancer 59 36.1 12 66.7 ae 20 24.7 ° ° 5 41.6 as S 
years with 
cancer 7 fe) 4 5.8 | 4 4.9 fe) 
Pyramidal | this 
Dose the 
Total 43 100 | § 11.6 | 13 30.2 4 twee 
Lost under 3 
| that 
years I 2.3 ° | I 4-4 
3 Dead under 3 case 
‘ years cause | it se 
unknown | of a 
orcancer | 25 58.2 | 14 60.9) 2 100 ° the 
Dead under 3 | Wh: 
‘th. 
years with- 
outcancer i 2.3 7-7 | ° o | o 
Alive at 3 | | 
years with- | whe 
out cancer | 13 30.2} 3 60 4 30.8 | 6 26.1 refe 
Alive at 3 | | | 
years with 
cancer | 3 7.0 | ° Oo | 2 8.7] o 
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tively 35.4 per cent and 28.5 per cent. 

In Table 1v are the three year cure rates 
for all suitable “‘divided dose,” ‘‘massive 
dose,” and “pyramidal dose” cases. They 
are 36.1 per cent, 33.9 per cent and 30.2 per 
cent respectively. The three year survival 
rates are 40.4 per cent for “divided dosage,” 
38 per cent for “‘massive dosage,” and 
37.2 per cent for “pyramidal dosage.” 

The increase in five year cure rates from 
28.5 per cent to 35.4 per cent by changing 
the method of external roentgen therapy 
from “‘massive dose technique’”’ to “divided 
dose technique” is impressive. Are these 
differences in end-results real or are they 
the result of selection of cases? Obviously, 
if all the favorable cases were treated by 
“divided dose technique,” one would ex- 
pect a higher cure rate in this group. 

In order to answer this question, the 
entire group was reviewed by one of us, 
each history being read with great care, 
and the case assigned to a League of Na- 
tions classification irrespective of how it 
had been originally classified. In this work 
the diagrams published in “An Atlas Illus- 
trating the Division of Cancer of the Uter- 
ine Cervix into Four Stages’ published by 
the League of Nations, were constantly 
referred to. It is unfortunate that the 
League of Nations Committee in 1937 
changed the basis of its classification, 
notably by putting cases formerly classified 
as Stage 1v because of fixation into Stage 
ll, reserving for the former group only 
cases with extension into the bladder or 
rectum or distant metastases. Because of 
this change in classification and because of 
the confusion arising in some minds _ be- 
tween the League of Nations system and 
that proposed by Schmitz, grouping of 
cases by classes is often not uniform, and 
it seemed wiser to attempt a reclassification 
of all our cases by one man on the basis of 
the clinical description on the history. 
While admitting the difficulty in deciding 
on classification by description alone with- 
out recourse to examination, nevertheless, 
when such a classification is done without 
reference to the type of treatment the pa- 
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tient subsequently received, any errors 
should be equal in different treatment 
groups. Such a classification ought to form 
a fair basis of comparison of one treatment 
group with another. 

The classification of the three suitable 
groups according to extent of disease is 
recorded in Tables 111 and tv. An inspection 
of these tables shows that of the “‘massive 
dose”’ cases in the five year group, 17 per 
cent were in Stage I, 34 per cent in Stage 01, 
44 per cent in Stage 111 and 2 per cent in 
Stage 1v, with 3 per cent not classifiable. 
Of the “divided dose’ cases, 12 per cent 
were in Stage I, 32 per cent in Stage 11, 43 
per cent in Stage 111, and none in Stage Iv; 
7-per cent were not classifiable. Thus 5 per 
cent more of the “massive dose”’ cases fell 
into the early or operable group than did 
the ‘“‘divided dose’’ cases. Similarly, when 
we examine Table tv covering all suitable 
cases from 1932 to 1937 inclusive, we find 
18.7 per cent of the “massive dose” cases 
in Stage I, 33.6 per cent in Stage 11, 43 per 
cent in Stage 111, and 2.2 per cent in Stage 
Iv, and 2.5 per cent unclassified. Of the 
“divided dose’’ cases, 11.0 per cent are in 
Stage I, 31.9 per cent in Stage 11, 49.7 per 
cent in Stage 111, none in Stage Iv, and 7.4 
per cent unclassified. Of the “pyramidal 
dose” cases, 11.6 per cent are in Stage 1, 
30.2 per cent in Stage Il, 53.5 per cent in 
Stage 111, and 4.7 per cent in Stage Iv. 

Of all suitable cases, 15.9 per cent are in 
Stage I, 32.9 per cent in Stage 11, 45.7 per 
cent in Stage 111, and 1.8 per cent in Stage 
iv. If we correct by these figures our cure 
rate for each treatment group, we find the 
corrected five year cure rate to be 28.1 per 
cent for the “massive dose technique,” and 
36.8 per cent for the “divided dose tech- 
nique,” while the three year cure rate 1s 33 
per cent for the cases treated by “‘mas- 
sive dose technique,” 37.2 per cent for 
the “divided dose” cases, and 31.6 per 
cent for the “pyramidal dose” cases. 
Thus the observed differences in cure rates 
for various forms of roentgen therapy 
are not dependent on selection of cases by 
extent of disease. Rather were the less 
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TaB_e V 
BIOPSY CLASSIFICATION—MASSIVE DOSE 
Carci Adeno- Adeno- Not 
Squamous Carcinoma carcinoma canthoma Graded 
Grade Per | Grate Grade Per No, Per No Pet Per 
I Cent | 2 Cent| 3 Cent ||  * Cent || © Cent Cent 
| | | 
Total 16 & 7 30 4 I 3 I 12 4 
Lost 2 12.5| 165 6.8 I 3-5 || oO ° ° 
Died with can- 
cer or? 6 37.5 | 135 60.8 21 7O.0 || 1 25 I 33-3 $ 4.9 
Died without | 
cancer o 4 5 2.3 1 I 25 I 23.3 fe) fe) 
Living at § yr. | | 
without dis- | | ' 
ease 8 62 27.9 6 20.0 2 50 I 33-3 $0 
Living at § yr. | | 
with disease 5 2.3 I ° ° 8.3 
BIOPSY CLASSIFICATION—DIVIDED DOSE 
S Carci Adeno- Adeno- Not 
carcinoma canthoma Graded 
Grade Per Gade er | Grade Per || Per No Per Per 
I Cent 2 | 3 Cent Cent |~ "Cent Cent 
Total 3 3 80 80 | 9 9 3 3 2 2 2 2 
Lost I 33-3 5 6.3 | fe) 
Died with can- 
cer or? I 33-3 41 §1.0) 4 44-5|| 2 66.6 2 100 I 
Died without | 
cancer fe) fe) 3 3.8 fe) fe) fe) fe) fe) 
Living at ¢ yr. 
without dis- 
ease I 33-3 | 28 35 5 §5.5 I 33-3 ° fe) I $0 
Living at § yr. | 


favorable cases treated by the more suc- 
cessful “divided dose”’ type of therapy. 
Can the apparent superiority of the 
“divided dose technique” be explained on 
the basis of the age distribution of the pa- 
tients in the treatment groups? In general, 
the older patients were treated by ‘“‘mas- 
sive dose,” since this entailed. fewer visits 
to the hospital and less physical effort. For 
instance, between 1932 and 19355 47 per 
cent of the patients receiving “massive 
dose” therapy were under fifty and 53 per 
cent were fifty or over, while 65 per cent of 
the patients receiving “divided dose’”’ ther- 


apy were under fifty and 35 per cent over 
fifty. How little significance this has is seen 
when it is pointed out that of all suitable 
cases treated over five years ago those over 
fifty showed a higher five year survival 
rate, 36 per cent, than did those under fifty, 
32 per cent. That is, the older patients 
treated by “‘massive dose technique’”’ really 
constituted the more favorable cases. In 
spite of this they did not do so well as the 
younger patients receiving “‘divided dose 
technique.” If we correct for age distribu- 
tion in the two groups, we find a 31.9 per 
cent five year cure rate for ‘“‘massive dose” 
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therapy and a 39.4 per.cent cure rate for 
“divided dose” therapy. 

Finally, is it possible that the difference 
in cure rate for massive and divided dose 
therapy can be explained’ on the basis of 
histopathological classification of cases ? Is 
it possible that the more slowly growing 
and perhaps more favorable histopatho- 
logical types of tumors were treated more 
by one technique than the other, therefore 
give a better cure rate for that technique? 
In Table v is seen the classification of the 
386 suitable cases by biopsy report. It is 
noted that in the group treated by “‘mas- 
sive dose technique” 6 per cent were in 
Grade 1 with a $0 per cent cure rate, 77 per 
cent in Grade 2 with a 27.9 per cent cure 
rate, and 10 per cent in Grade 3 with a 20 
per cent cure rate. In the “divided dose”’ 
group, 3 per cent were in Grade 1 with 33 
per cent cures, 80 per cent in Grade 2 with 
35 per cent cures, and g per cent in Grade 
3 with 55.5 per cent cures. If this inequality 
of histopathological picture be corrected 
for again the difference in five year cure 
rate between the two groups is made more 
rather than less marked, 29.5 per cent for 
“massive dose’ and 37.7 per cent for “‘di- 
vided dose.” 

In brief, then, in our clinic comparable 
groups of cases treated exactly the same 
except for the type of external roentgen 
therapy received show that the so-called 
“divided dose technique” gave a 35.4 per 
cent five year cure rate, while “massive 
dose technique” gave 28.5 per cent. These 
differences are made more marked rather 
than less if the statistics are corrected for 
extent of disease in the two groups, age 
distribution, or histopathological classifica- 
tion. That the difference in cure rates is real 
is further suggested by larger numbers of 
cases followed only three years in which 
again a decided increase in cure rate is seen 
in those receiving the “divided dose”’ ther- 


apy. 
SUMMARY 


1. Nine hundred and twenty cases of pri- 
mary carcinoma of the cervix observed in 
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Memorial Hospital from 1932 to 1937 in- 
clusive are reported and reviewed. 

2. The peak in age incidence in this 
group lay between forty and fifty-five. 

3. Only 24 of the 920 cases were single 
and of these 6 admitted that they had 
borne children. 

4. Of foreign born patients, Italians 
showed the highest incidence of cervical 
cancer. 

5. Negroes formed 8.5 per cent of the 
group. 

6. Only 46, or 5 per cent, of the cases 
were Jewish, in spite of the large number of 
Jews in the population of New York City. 

7. When the same kind and amount of 
radium was given to patients treated by 
different types of external roentgen ther- 
apy, it was found that a 28.5 per cent five 
year cure rate followed the so-called “‘mas- 
sive dose technique,” while 35.4 per cent 
followed the “divided dose technique.” 
This difference was not due, as far as could 
be determined, to the extent of the disease 
in the patients making up the two groups, 
the age of the patients, or the histopatho- 
logical grades of tumor found to be present. 
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THE PRODUCTION AND CHARACTERISTICS OF 
3,000 KILOVOLT ROENTGEN RAYS* 


By J. G. TRUMP, D.Sc., and R. W. CLOUD, M.A. 


Massachusetts Institute of Technology 
CAMBRIDGE, MASSACHUSETTS 


LLOWING the development and in- 
stallation for medical use of a 1,000 kv. 
air-insulated electrostatic roentgen-ray 
generator at the Huntington Memorial 
Hospital in Boston in 1937! and of a 1,250 
kv. compressed air-insulated generator at 
the Massachusetts General Hospital® in 
1940, the High Voltage Group of the 
Massachusetts Institute of Technology 
undertook the extension of the electrostatic 
method to substantially higher voltages. 
The resultant generator has produced 
roentgen rays at steady, constant voltages 
up to 4,000 kv., using air at 13 atmospheres 
pressure as the insulating medium, and has 
produced radiation at voltages up to 4,700 
kv., using a combination of air and Freon 
(CCI,F.) at this pressure. For the past year 
this generator has been used to study the 
physical properties of roentgen rays pro- 
duced at these elevated voltages, and par- 
ticularly to observe the progressive change 
in these properties over the entire voltage 
range. Since the spring of 1942, the gen- 
erator has been available for radiation 
therapy at 3,000 kv., the preliminary re- 
sults of which are to be presented by Dr. 
Richard Dresser in a companion paper. 
HIGH VOLTAGE SOURCE 
It may be well to review briefly the 
operating principles of the Van de Graaff 
type of electrostatic high voltage source 
and the general features of the generator 
and tube used in this work. The voltage 
source, as shown in Figure 1, consists essen- 
tially of a well rounded, high voltage ter- 
minal about 2 ft. in diameter supported 
from the ground by a column structure of 
alternate insulating and metallic spacers. 
A single insulating belt 12 in. wide travels 


*p 


wr 


at high speed within the column and trans- 
fers electric charge continuously between 
ground and terminal. The terminal voltage 
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of the generator is evenly divided length- 
wise of the column by means of resistors so 
as to produce a uniform gradation in poten- 
tial from the terminal to the ground plane. 
This assembly is mounted: within a metal 


resented at the Forty-third Annual Meeting, American Roentgen Ray Society, Chicago, IIL, Sept. 15-18, 1942. 
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pressure tank so that by compression of the 
gas the electrically charged belt, terminal, 
and column may be insulated with a me- 
dium superior to air at ordinary pressures. 
The inside dimensions of this tank are 
43 ft. diameter by 13 ft. high. 

In operation, negative electric charge is 
sprayed on the insulating belt at its lower 
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end and hauled up into the high voltage 
terminal, which acquires a negative poten- 
tial relative to ground in direct proportion 
to the stored electric charge. The generator 
will operate at that equilibrium voltage at 
which the current transferred to the ter- 
minal by the belt is just equal to the current 
through the roentgen tube and the leakage 
and control currents characteristic of oper- 
ation at that voltage. This equilibrium 
voltage value may be adjusted from a few 
hundred thousand volts to the maximum 


voltage by controlling the current sprayed 
on the charge-conveyor belt. 


ROENTGEN TUBE 


The continuously pumped roentgen tube 
is located axially within the generator 
column, the insulating portion extending 
from a point within the high voltage ter- 
minal to the ground end of the column. 
Beyond this, a metal extension of the tube 
passes out through the tank bottom and 
terminates in a water-cooled gold target 
surrounded by a suitable thickness of lead 
shielding and provided with beam-defining 
portals and shutter. The roentgen tube is 
built up of 100 glass rings between each of 
which is placed a metallic accelerating and 
focusing electrode connected to the gener- 
ator column at that level. The electrons 
originating at the tungsten filament at the 
high voltage terminal end of the tube are 
thus progressively accelerated and focused 
as they pass axially downward until they 
arrive at the target with full terminal 
energy in a well defined focal spot about 
I cm. in diameter. 


“SUBCUTANEOUS EFFECT” 


The distribution in material of unit 
density of the ionization produced by 
roentgen rays over the voltage range of 
1,000 to 4,000 kv. has been investigated 
with this apparatus. Perhaps the most out- 
standing characteristic at these voltages is 
the progressive movement of the region of 
maximum ionization to a depth farther 
below the surface as the voltage is in- 
creased. This phenomenon, which is here- 
inafter termed “subcutaneous effect,” is 
hardly apparent at 200 kv. As shown in the 
insert of Figure 2, the ionization intensity 
for 200 kv. radiation remains practically 
constant for the first 5 mm. below the 
surface. 

For 1,000 kv. radiation, the “subcuta- 
neous effect” is already considerable and is 
sufficient to account, in part at least, for 
the decreased skin erythema which has 
been demonstrated in this voltage region.’ 
The surface ionization intensity at 1,000 
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kv. begins at about 60 per cent of the maxi- 
mum value and rises with decreasing ra- 
pidity to the maximum found nearly 2 mm. 
below the surface. Beyond this depth, the 
intensity falls off slowly in accordance with 
the laws of absorption and the inverse 
square law. 

For increasing voltages, the depth below 
the surface at which the ionization in- 
tensity has increased to 95 per cent of its 
maximum value is 0 for 200 kv. radiation, 
0.8 mm. for 1,000 kv., 2 mm. for 2,000 kv., 
3 mm. for 3,000 kv., and 4 mm. for 4,000 
kv. At the same time, the surface intensity 
diminishes from 98 per cent of the maxi- 
mum value for 200 kv. radiation, to 56 per 
cent for 1,000 kv., 38 per cent for 2,000 kv., 
28 per cent for 3,000 kv., and 26 per cent 
for 4,000 kv. 

This “subcutaneous effect,” observed 
only for radiation of considerable energy, 
is due primarily to the increase in the num- 
ber of secondary electrons in the beam as it 
penetrates and traverses the phantom ma- 
terial. The depth at which the number of 
electrons in the beam stops increasing, i.e., 
the depth of maximum ionization, depends 
on the average range of the electrons in the 
phantom material. Since an increased tube 
voltage increases the range of secondary 
electrons, it will also increase to a cor- 
responding extent the depth at which maxi- 
mum ionization occurs. The range of 
secondary electrons, negligible at 200 kv., 
becomes sufficient at 1,000 kv. to move the 
depth of maximum ionization several milli- 
meters below the surface. This tendency 
increases with voltage. The influence of 
secondary roentgen rays, on the other hand, 
is predominant at 200 kv. and diminishes 
with increasing voltage. Beyond 2,000 kv. 
the effect of secondary roentgen rays on the 
distribution of ionization in the material is 
relatively negligible. 

DEPTH DOSE 

Figure 2 shows the depth dose over a 

range of voltages at a distance of 70 cm. 


with a 10 by 10 cm. field. It is to be noted 
that the filtration is increased from the 
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standard value of 0.5 mm. copper for 200 
kv. to the value of 20 mm. lead and § mm. 
copper at 4,000 kv. Observing the relative 
intensity at a depth of 10 cm., a steady in- 
crease with voltage from 32 per cent at 200 
kv. to 57 per cent at 4,000 kv. is noted. 
The influence on “subcutaneous effect” and 
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on depth dose has been studied as a func- 
tion of treatment distance, filtration, and 
field size. These measurements show little 
change in “subcutaneous effect” with in- 
crease of 70 to 100 cm. distance, but the 
depth dose is increased almost as would be 
expected from the inverse square law. 
Addition of filtration increases the 10 cm. 
depth dose and accentuates the “subcuta- 
neous effect,” the first increments of filtra- 
tion being relatively more effective. At 
3,000 kv., the 10 cm. depth dose with the 
10 by 10 cm. field is 52 per cent at 70 cm. 
and 57 per cent at 100 cm. The half-value 
layer in lead for 3,000 kv. roentgen rays 
filtered with 10 mm. lead and 5 mm. copper 
is 9.8 mm. Scattering remains small in the 
1,000 to 4,000 kv. range, the scattering at 
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higher voltages being due almost entirely 
to secondary electrons.‘ 

Figure 3 shows the distribution of ioniza- 
tion in a 20 cm. phantom irradiated from 
two opposite portals with 200, 1,000, and 
3,000 kv. roentgen rays. The intensity 
measurements have been adjusted to 100 
per cent at the center of the phantom (10 
cm. depth) so that the curves show the 
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tom of the chamber is made of lucite, an 
insulating plastic of density 1.2, which jis 
considered as part of the phantom. The 
upper electrode consists of a sheet of 
stretched 0.02 mm. cellophane with a con- 
ducting coating. By this means, a thin air 
chamber with an active space 25 in. in 
diameter and 1 mm. thick surrounded by a 
guard ring is obtained. The ionization 


GUARD RING CELLOPHANE TOP 
PHANTOM a \ INSULATING GROOVES 
HIGH VOLTAGE CLAMPING RING 
CONNECTION 


AS 
ANNAN 


ONNECTION TO ELECTRODE 


CABLE CONNECTOR 


CONNECTIONS TO 
GUARD RING 


Fic. 4 


relative intensities both at the skin and at 
the region of maximum ionization for the 
same intensity at the depth. It is seen that 
at 200 kv. approximately 170 per cent of 
the 10 cm. dosage will be delivered to the 
skin and first § mm. At 1,000 kv. the in- 
tensity at the skin is about go per cent of 
the 10 cm. value and increases to 135 per 
cent at 2 mm. For 3,000 kv. the intensity 
at the skin begins at S50 per cent of the 10 
cm. value and increases to 123 per cent at 
a point 5 mm. below the surface of the skin. 
This illustration shows, for the simple case 
of two opposite portals, that the higher 
voltage roentgen rays will produce a sub- 
stantially lower dose at the skin and in the 
intervening region for a given intensity at 
the depth. 


METHOD OF MEASUREMENT 


It is evident that precise determinations 
of the distribution of ionization in depth 
must be performed with an_ ionization 
chamber of negligible thickness.’ Figure 4 
shows the ionization chamber with which 
this distribution was determined. The bot- 


chamber is submerged in a 30 cm. cube 
phantom composed of masonite hardboard, 
and the effect of moving the chamber below 
the surface is obtained by placing thin 
layers of corresponding material over the 
upper surface. A second control chamber is 
placed 20 cm. from the target to compen- 
sate for changes in tube current during 
readings. 

A study was made of the relative merits 
of a thin-disk ionization chamber and a 
standard Victoreen thimble chamber in the 
measurement of extremely penetrating 
roentgen rays. This indicated that, while 
the Victoreen thimble chamber is not useful 
for determining the distribution of ioniza- 
tion close to the surface, it can under proper 


conditions be used for the determination of 


the maximum ionization or of the intensity 
at any substantial depth. When a Victoreen 


thimble chamber is laid on the surface of 


the phantom, it will read an intermediate 
value unless covered with a sufficient thick- 
ness of air-wall material to bring the 
secondary ionization to an equilibrium con- 
dition. For 3,000 kv., 3 mm. of lucite or 
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similar material is an adequate thickness. 

In supervoltage roentgen therapy, it is 
desirable that the subcutaneous dose of 
maximum intensity be taken as the meas- 
ure of the incident dose.* 
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PRELIMINARY CLINICAL OBSERVATIONS ON THE 
USE OF 3 MILLION VOLT ROENTGEN RAYS* 


By RICHARD DRESSER, M.D. 


BOSTON, MASSACHUSETTS 


is 1936 a new method for the production 
of supervoltage roentgen rays was pre- 
sented at the annual meeting of the Ameri- 
can Roentgen Ray Society.! An electro- 
static generator capable of producing some- 
what over a million volts was described. 
This machine was used for cancer treat- 
ment and research at the Collis P. Hunting- 
ton Memorial Hospital, Boston. The origi- 
nal apparatus was dependent on air insula- 
tion, and a considerable space was required 
for its housing. A second more compact 
million volt unit operating on the electro- 
static principle but insulated by air under 
pressure has been installed at the Massa- 
chusetts General Hospital.* A third pres- 
sure insulated unit which has been operated 
at 3 million volts for therapeutic purposes 
is now in use at the Massachusetts Institute 
of Technology. 

Roentgen rays produced at 3 megavolts 
have essentially the same physical proper- 
ties as the gamma rays of radium. How- 
ever, the high roentgen intensity permits 
long treatment distances with the result 
that the depth dose is much greater than it 
has been possible to obtain with teleradium 
therapy. It is nearly double the 200 kv., 
10 cm. depth dose. In view of this high in- 
tensity and increase in depth dose, it has 
been deemed advisable to proceed with 
caution in the therapeutic application of 
these rays. Only cases of pelvic cancer have 
thus far been irradiated since the factors of 
absorption, scattering, etc., in this part of 
the anatomy are analogous to those meas- 
ured in a phantom. The patients have been 
treated in groups, with allowance of a suffi- 
cient time interval between groups for the 
observation of any untoward symptoms. 
All patients received successive daily ex- 
posures of 400 r each, delivered to the an- 
terior pelvis through either 15 by 15 cm. 


or 10 by 10 cm. portals of entry. The larger 
portal was employed in most instances. 

Ionization measurements show that the 
intensity measured directly on the surface 
is somewhat less than the intensity meas- 
ured 4.5 to 5 mm. below the surface. 
Roentgen dosage is therefore calculated not 
from the surface measurement, but from 
the subcutaneous point of greatest ioniza- 
tion.’ The portal of entry is delineated by 
means of a light beam, and the coning 
mechanism is placed well above the pa- 
tient. The clothes are always removed from 
the surface irradiated. The treatment fac- 
tors employed are as follows: 3 million volts 
constant potential, 100 cm. distance, Io 
mm. lead plus 5 mm. copper filter. At 0.5 
milliampere the subcutaneous roentgen in- 
tensity averages 90 r per minute with the 
portals employed. 

The first group of patients received a 
total of 1,200 r, that is, three daily treat- 
ments of 400 r each. During the follow up 
period of a month there was no visible skin 
reaction, and no symptoms of irritation of 
the bladder or intestine developed. The 
second group received five daily exposures 
totaling 2,000 r. During the observation 
period there was no superficial reaction and 
no intestinal disturbance. The third group 
was given 2,400 r which caused diarrhea in 
all cases but there was no erythema or 
epilation. The fourth group received 2,800 
r which is the largest dose thus far adminis- 
tered. These patients experienced rather 
severe diarrhea together with some bladder 
irritation. In no instance, however, was 
there any redness of the skin or falling out 
of the pubic hair. All patients tolerated the 
treatment remarkably well with one excep- 
tion. This was a case of extensive carcinoma 
of the bladder, and it was subsequently ob- 
served that the response to 200 kv. radia- 


* Presented at the Forty-third Annual Meeting, American Roentgen Ray Society, Chicago, IIl., Sept. 15-18, 1942. 
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tion was no better than to supervoltage 
therapy 

These preliminary clinical findings sub- 
stantiate the observation that as the wave 
length of a roentgen-ray beam is decreased 
the skin tolerance and depth dose are in- 
creased.?*4 Because of reaction in the 
deeper structures a total of 2,800 r to a 
single pelvic portal has not been exceeded. 
This is apparently a suberythema dose. It 
is anticipated that larger amounts of radia- 
tion will be tolerated in other parts of the 
body where the underlying structures are 
less vulnerable than the intestine and 
bladder. 

No attempt has yet been made to evalu- 
ate the effect of 3 million volt roentgen 
rays on new-growths. The number of pa- 
tients irradiated thus far has been small, 
and the maximum follow up period at the 
time of writing is only five months. The 
largest tumor dose has been somewhat less 
than we are accustomed to deliver with 200 
kv. roentgen rays. However, the super- 
voltage dose has been administered in a 
period of a week, whereas our usual 200 kv. 
pelvic series extends over a period of about 
three weeks. The immediate reaction in the 
deep tissues resulting from supervoltage 
radiation has been fully as severe as that 
observed following treatment at lower po- 
tentials. The acute symptoms of intestinal 
and bladder irritation are of approximately 
the same duration. Thus far there have 
been no untoward late sequelae. 
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DISCUSSION ON PAPERS BY DRS. TRUMP 
AND CLOUD, AND DRESSER 


Dr. K. E. Corrican, Detroit, Mich. I find 
myself overawed by the accomplishment of 
Professors Trump and Cloud in building such a 
relatively small and compact machine to de- 
velop so much power, and to operate in such an 
apparently reliable and routine manner. It 
would be difficult to say too much in praise of 
their engineering ability and technical skill. 

The measurements they have presented on 
the output of this tube are also a real contribu- 
tion, particularly the measurement of the depth 
of maximum effect. 

It would have been interesting to hear some- 
thing about the output intensity of this tube. 
Of course this brings up the old discussion on 
the use of thimble chambers at this voltage, but 
perhaps Dr. Dresser will give us some idea of 
the r per minute per microampere. 

Another point I would like to have Dr. 
Dresser discuss arises from the measurements 
on both sides of the 20 by 20 cm. phantom. In 
actual application the beam passes through the 
patient’s body and is at equilibrium with its 
secondaries on the exit side. In addition the exit 
portal gets whatever secondary may arise from 
the material on which the patient is lying. Con- 
sequently the exit dose is really a depth dose, 
and is quite a different thing from a dose of 
primary radiation applied to the surface from 
outside. 

The authors have made the best possible use 
of their time, and told us as many of the im- 
portant points as possible. We can only wait 
patiently for them to have an opportunity to 
give us some absorption curves and other im- 
portant data. 

Professor Trump and his associates are to be 
congratulated for an outstanding advance in 
physics and technology and for a very fine 
paper. 
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Dr. T. Leucutia, Detroit, Mich. These re- 
ports dealing with the physical and clinical as- 
pects of a new apparatus for the treatment of 
cancer represent further most valuable contri- 
butions to our radiologic practice. Ever since 
the advent of supervoltage roentgen therapy, 
Drs. Trump and Dresser have pursued with 
great zeal the production of such rays by the 
old-fashioned electrostatic generator which they 
have streamlined. After repeatedly traversing 
unexplored ranges, they now have reached the 
formidable domain of 4.7 megavolts. The physi- 
cal achievements are impressive. A yield of 
gO r per minute, for example, with a 10 mm. 
lead and a 5 mm. copper filter at 100 cm. dis- 
tance with only 0.5 ma. current at 3 megavolts, 
or a depth dose of nearly double that obtained 
with 200 kv., are accomplishments that cannot 
remain without influence in our present-day 
roentgen therapeutic conception. 

The clinical observations, as Dr. Dresser 
stated, are as yet in the preliminary stage, but 
even so, it is gratifying to see factual confirma- 
tion up to 3 megavolts of the so often disputed 
theoretical conjecture that with increasing volt- 
ages there is an increased tolerance of the skin. 
On the other hand, a total of 2,800 r, in daily 
fractions of 400 r, administered over a single 
pelvic portal, without even producing an ery- 
thema, but leading to marked diarrhea with 
some bladder irritation, is a new type of dose 
which merits our earnest consideration. Such a 
dose may do away with the present complicated 
methods of cross-firing of the deep roentgen 
therapy, a fact which is responsible for the ever 
accumulating series of permanent injuries to 
the normal structures. It is therefore to be 
hoped that the authors will continue their in- 
vestigations in the future with equal zeal and 
that soon they will be able to make additional 
reports on this most interesting subject. 


Dr. Donatp W. Kerst, Urbana, Ill. Are 
there many secondary electrons produced by 
the cone of the roentgen-ray equipment? In 
order to obtain the rise in ionization under the 
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skin is it necessary to remove these secondary 
electrons which would bombard the skin? 


Dr. Dresser (closing). First, I should like 
to thank Dr. Leucutia for his encouraging dis- 
cussion of the joint paper, and then I shall try 
to answer the questions that Dr. Corrigan has 
put. 

The first one I think has already been 
answered in regard to the output of the tube. 
At 0.5 ma. at a distance of 100 cm., with Io 
mm. of lead and § mm. of copper ground filter, 
the output runs 80 to go roentgens per minute. 

Now as to the exit dose, unfortunately I can- 
not give any accurate data. This has not been 
studied. in any particular detail. From the 
charts that Professor Trump and his co-workers 
have compiled, the exit dose from a field 10 by 
10 cm. should be approximately 25 per cent of 
the maximum subcutaneous dose, but further 
than that I cannot go. 

Then there was a question as to the use of the 
Victoreen chamber. Apparently the chamber 
gives relatively accurate air and surface meas- 
urements if it is surrounded with a small lucite 
thimble. Professor Trump and his collaborators 
have made such a thimble, which is about 3 
mm. thick for 3 megavolt rays, and simply slips 
on over the standard chamber. Then the meas- 
urement of air and surface intensities becomes 
analogous to that made on low voltage radia- 
tion with the standard thin wall chamber. In 
measuring doses below the surface of a phantom 
it is not necessary to alter the Victoreen cham- 
ber in any way. The measurements are perfectly 
accurate. 

In regard to the removal of secondary elec- 
trons, let me stress the point that the coning of 
the beam is done well above the patient, 50 cm., 
and also care is taken to remove the clothes so 
that the maximum intensity is delivered as far 
below the surface as possible. If material of low 
density is placed on the patient’s skin and built 
up to a thickness of say 5 mm. then the point 
of maximum ionization occurs directly on the 
skin. 
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MEGAVOLTAGE ROENTGEN THERAPY 


| IS customary to designate as super- 
voltage roentgen therapy that form of 
irradiation which is carried out with roent- 
gen rays produced by voltages above 250 
kv. When the term was originally intro- 
duced, the aim was to create a segregation 
from deep roentgen therapy, and for ob- 
vious reasons no attempt was made to limit 
the upper range to which such therapy may 
be extended. Recently, important contribu- 
tions by Trump and Cloud,! by Dresser? 
and by Koch, Kerst and Morrison*® with 
roentgen rays up to 20 million volts have 
brought to light certain new features of the 
physical dose and biological effect which 
suggest that perhaps the time has now 
arrived to try to establish where the upper 
line of demarcation may be drawn and 
whether or not further segregation may 
appear advisable from the practical stand- 
point. 

The studies of Trump and Cloud! and of 
Dresser? were carried out with roentgen 
rays produced by voltages from 1 million 
to 4 million volts constant potential. The 
most outstanding observation made by 
these authors was the fact that the ioniza- 
tion in the layers underneath the skin was 
larger than on the surface of the skin and 
that the region of maximum ionization 
moved progressively below the surface as 
the voltage was increased. This effect, 
which the authors called the “subcutaneous 
effect” led to the unusual clinical experi- 


' Trump, J. G., and Cloud, R. W. The production and charac- 
teristics of 3,000 kilovolt roentgen rays. Am. J. RoentGenot. & 
Rap. Tuerapy, April, 1943, 49, 531-535- 

? Dresser, R. Preliminary clinical observations on the use of 3 
million volt roentgen rays. Am. J. Roentcenor. & Rav. THeER- 
apy, April, 1943, 49, §36-538. 

5 Koch, H. W., Kerst, D. W., and Morrison, P. Experimental 
depth dose for 5, 10, 15 and 20-million-volt x-rays. Radiology, 
February, 1943, #0, 120-127. 


ence that in patients afflicted with cancer 
of the cervix such large depth doses could 
be administered through one single an- 
terior pelvic field that rather severe diar- 
rhea and some bladder irritation resulted 
without there being any redness of the skin 
or even epilation of the pubic hair. Ob- 
viously a new type of dosage was en- 
countered. 

The investigations of Koch, Kerst and 
Morrison* were extended to the range of 
20 million volts. To Kerst? falls the merit 
of having made possible the generation of 
roentgen rays at such extremely high volt- 
ages. He, with the ingenuity of a true 
scientist, solved the not altogether new 
idea of circular acceleration of the electron 
and after assiduous work he succeeded in 
building a new type of roentgen apparatus 
which he called the betatron. This ap- 
paratus somewhat resembles a small cy- 
clotron but its operation is entirely differ- 
ent. The electrons, injected from an elec- 
tron gun into a circular path within a 
doughnut-shaped high vacuum roentgen 
tube, are accelerated by an_ induction 
scheme which permits the continuous and 
direct application of the electromotive force 
to their stream. In consequence, it is pos- 
sible to reach, with very small equipment, 
energies in electron volts corresponding to 
the voltages generated in the secondary 
windings of huge transformers. The 20 
million betatron has 1 inch of pole diameter 


‘ Kerst, D. W. Acceleration of electrons by magnetic induction. 
Phys. Rev., 1940, 58, 841. 

Kerst, D. W. Acceleration of electrons by magnetic induction, 
Phys. Rev., 1941, 60, 47-53. 

Kerst, D. W., and Serber, R. Electronic orbits in the induction 
accelerator. Phys. Rev., 1941, 60, §3-58. 

Kerst, D. W. A twenty million electron-volt betatron or induc- 
tion accelerator. Rez. Scient. Instruments, 1942, 73, 387-394. 

Kerst, D. W. The betatron. Radiology, February, 1943, #0, 
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per I million volts but there is now under 
construction a 100 million volt betatron 
which will necessitate only ? inch of pole 
diameter per 1 million volts, thus further 
reducing material and space. 

The experimental results obtained by 
Koch, Kerst and Morrison* entirely con- 
firmed the observations made by Trump 
and Cloud, and Dresser, and they have 
demonstrated that at ranges up to 20 
million volts the ionization below the sur- 
face may amount to several times the inci- 
dent dose and that the region of the maxi- 
mum ionization may lie several centimeters 
below the surface. If, for example, at a 
target distance of 45 cm. the surface dose 
was taken as 100 per cent, the maximum 
ionization amounted to 125 per cent for 
5,000 kv., 185 per cent for 10,000 kv., 245 
per cent for 15,000 kv. and 310 per cent for 
20,000 kv., and the regions of maximum 
ionization were approximately 1, 2, 2.5 and 
3 cm. below the surface for the respective 
voltage ranges. The depth dose at the 
conventional 10 cm. below the surface 
amounted to over 70 per cent for 5,000 kv., 
120 per cent for 10,000 kv., 170 per cent 
for 15,000 kv. and nearly 230 per cent for 
20,000 kv. Although these authors did not 
extend their observations to clinical pa- 
tients, results along the lines noted by 
Dresser? undoubtedly would be obtained. 

The explanation of these new phenomena 
at very high voltages is most interesting. 
Failla, Twombly and Marinelli’ first de- 
scribed what they called the electron equi- 
librium level of a roentgen beam. They 
have shown that when a roentgen- (or 
gamma) ray beam strikes the skin of a 
patient—or the surface of any phantom 
used for depth dose measurements—it con- 
tains a mixture of secondary electrons from 
filters, cones, etc., as well as from stray 
collisions with objects near the beam. 
Furthermore, there is an addition of elec- 
trons from the very superficial layers of the 
absorbing medium (skin or material of the 


* Failla, G., Twombly, G., and Marinelli, L. D. A method for 
decreasing the ionization in the skin applicable to supervoltage 


x-ray therapy. Radiology, 1930, 28, 693-703. 
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phantom). As a result, an increasingly 
larger proportion of ionization is found 
immediately underneath the surface until 
at a certain level an equilibrium of the 
electrons consistent with the quality of the 
beam and the physical characteristics of the 
medium is reached. Exhaustive measure- 
ments demonstrated that this electron 
equilibrium level lies within fractions of a 
millimeter from the surface at 200 kv. 
(peak) radiation and at a depth of about 
1.§ mm. at 1,000 kv. (pulsating) radiation. 
The biological importance of such an effect 
on the variation of the surface dose, es- 
pecially as far as the skin erythema is con- 
cerned, was stressed in a former editorial 
in this JouRNAL.® 

The extension of the electron equilibrium 
theory to the radiations produced by the 
very elevated voltage ranges investigated 
by Trump and Cloud, and Dresser, and by 
Koch, Kerst and Morrison encounters no 
difficulty. The main difference is that here 
the ionization is entirely due to Compton 
electrons the range of which plays a para- 
mount role. At the voltages studied by 
Failla, Twombly and Marinelli’ the ioniza- 
tion from the Compton electrons appeared 
very near the point where the Compton 
process occurred, exercising no particular 
effect on the shape of the depth dose curves. 
Above 1,000 kv., however, the range of the 
Compton electrons increases progressively 
and so rapidly that it leads to increase of 
the depth dose, on the one hand, and move- 
ment of the region of the maximum ioniza- 
tion, on the other. According to Koch, 
Kerst and Morrison’ the electrons produced 
in the Compton process of a roentgen-ray 
beam from a 20 million betatron may have 
a range as great as 10 cm. in tissue. Since 
one may assume that constant ionization is 
produced along the entire tract of such an 
electron until the end of its range, it be- 
comes clear that the increase with depth 
in the number of such electrons must result 
in gradual increase of the ionization above 


6 Leucutia, T. The necessity of a coordinated biological dese 
system in radiation therapy. (Editorial.) Am. J. RoentcEenot. & 
Rap. THERAPY, 1941, 76, 883-887. 
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that encountered near the surface, leading 
to a proportionately larger depth dose. The 
maximum of the ionization is reached at a 
certain critical level underneath the surface 
characteristic of the quality of the roent- 
gen-ray beam applied. The gradual absorp- 
tion of the electrons is followed by a cor- 
responding fall of the ionization and with 
it of the depth dose. 

Evidently, when clinical radiation ther- 
apy is administered under such conditions 
the situation encountered is entirely differ- 
ent from that to which we are accustomed 
in the ranges below 1,000 kv. Perhaps some 
advantage may be derived, therefore, by 
restricting the field of supervoltage roent- 
gen therapy to the limits of from 250 to 
1,000 kv. and by creating an entirely new 
domain for the voltages above 1,000 kv., 
which then is called megavoltage roentgen 
therapy. The particular range could be 
designated by placing the corresponding 
number of megavolts in a prefix, as, for 
example, 5, 10, 15 or 20 megavolt therapy. 

Exhaustive clinical studies will be re- 
quired to properly evaluate the therapeutic 
significance of this extremely penetrating 
type of radiation and especially its rdle in 
the simplification of the present day diffi- 
cult methods of technical application. 
A great deal could be gained, however, by 
first trying to establish some correlation be- 
tween the experimental physical dose as 
determined by the above investigators and 
the biological dose as administered to pa- 
tients. If possible, such correlation may be 
incorporated into a uniform system of 
dosimetry including all voltage ranges em- 
ployed in clinical practice. 

It has been suggested formerly in this 
Journa.*’ that the biological unit, “skin 
unit dose,” designated with the abbrevia- 
tion s.U.D., used in conjunction with the r, 
would have many advantages in specifying 
a certain dose. This unit has been defined 
as a surface dose unit and it has been given 
a physical value, measurable in r, the mag- 


7 Leucutia, T. Physical and biological dosage in radiation 
therapy. (Editorial.) Am. J. Roentcenor. & Rap. THerary, 
1937s 38, 367-369. 
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nitude of which changes with various volt- 
ages. In the ranges used so far it always 
represented a higher value than the depth 
dose at any point, except the infinitesimal 
layers near the surface which are hardly 
significant from the point of view of clinical 
application. It has become convenient to 
express a certain tumor dose in so many 
per cent of the skin unit dose and since the 
damage of the skin forms the greatest 
barrier to any biological overdosage, a 
measure of safety could easily be estab- 
lished. 

In the megavoltage roentgen therapy, 
the surface dose represents a smaller value 
than the depth dose. As has already been 
stated, the ionization progressively rises to 
a peak which with increasing voltages lies 
at gradually deeper layers, becomes broader 
and acquires a proportionately greater 
value. Furthermore, the surface dose itself 
can be critically affected by electrons es- 
caping from the original beam of the ac- 
celeration chamber of the betatron or by 
Compton electrons scattered from neigh- 
boring objects. Therefore, if the s.u.p. is 
introduced as a biological unit, this may be 
employed in two ways. First, as an exten- 
sion from the lower voltage ranges in the 
form of a surface dose unit. In this case, its 
physical magnitude is determined experi- 
mentally along the, entire megavoltage 
scale and the depth dose curves are plotted 
in percentages of the surface dose. If, for 
example, a dose of 130 per cent s.u.p. (the 
maximum compatible with safety) is de- 
sired at a certain depth, this will represent 
a percentage of the s.u.p. as measured on 
the skin. By using such a procedure, even 
should stray electrons affect the surface 
dose, the danger of harm is less than if a 
too large depth dose were administered at 
a certain level. Of course the region as well 
as the broadness of the maximum ioniza- 
tion must also be stated. The second al- 
ternative is to calculate the dose not from 
the surface measurement but from the 
region of greatest ionization, in which case 
the s.u.p. would in fact represent a tissue 
(depth) dose unit. This method, in its 
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physical equivalent, 1.e., by actually meas- 
uring the r, is preferred by Trump and 
Cloud,' and Dresser,” as well as by Koch, 
Kerst and Morrison.’ The peak ionization 
is taken as 100 per cent and the doses at the 
surface as well as at various depths are 
plotted in fractions of the peak ionization. 
The region of the peak ionization is stated 
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separately for each location. 

It is as yet too early to visualize what form 
megavoltage roentgen therapy will take in 
clinical application. The future, however, 
appears rich in promise and the road lead- 
ing to it is no longer strewn with insur- 
mountable obstacles. 

T. Leucutia 
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JOSEPH FRANCIS ELWARD 
1890-1943 


MY mind, the saddest words an 
obituary can contain are ‘“‘after a long 
illness.” Dr. Joseph F. Elward died on Feb- 
ruary 6, 1943, in Plains, Pennsylvania, 
after a very long illness. 
Dr. Elward was born in Plains, Pennsyl- 
vania, on July 4, 1890. He obtained his 
early education in Plains and from there he 


went to the Philadelphia College of Phar- 
macy from which he was graduated in 1913. 
Following his graduation he returned to 
Plains and opened his own drug store. Af- 
ter two years, however, he decided to study 
medicine and he entered Georgetown Medi- 
cal School in Washington, D. C., where he 
attended classes in the daytime and worked 
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evenings as a registered drug clerk. He was 
graduated from Georgetown in 1919, presi- 
dent of his senior class, and received an ap- 

intment as intern in Providence Hospital 
in Washington. After serving his internship 
he opened an office in Washington, engag- 
ing in general practice. However, an otitis 
media dating from childhood made him be- 
lieve that he had progressive deafness to 
look forward to, and it seemed wiser to take 
up a specialty where he would depend less 
on his hearing and more on his eyesight. 
He therefore decided to specialize in roent- 
genology and he served as intern under Dr. 
P. F. Butler at the Boston City Hospital, 
Boston, in the Department of Roentgen- 
ology from April 1, 1924 to May 1, 1925 
and as assistant physician in the Depart- 
ment from May 1, 1925, until August 31, 
1925. 

Dr. Elward then returned to Washing- 
ton, D.C., where he became associated with 
Dr. Charles A. Pfender. Dr. Pfender died in 
1926 and Dr. Elward opened his own office 
for the practice of radiology. In addition to 
his private practice, in which he was very 
successful from the beginning, he was Clini- 
cal Professor of Roentgenology in George- 
town Medical School and Instructor in 
Radiology in George Washington Medical 
School and was radiologist to George Wash- 
ington and Sibley Hospitals. Notwithstand- 
ing this full schedule he found time to de- 
vote to research and to the writing of many 
scientific papers on a variety of subjects. 

In 1935 Dr. Elward suffered from a cor- 
onary attack and within a year he sustained 
a second one. With periods of enforced rest 
he still carried on his practice which always 
grew larger and he still continued to write 
many valuable scientific papers. However, 
late in 1940 he had a cerebral accident 
which produced at first a slight aphasia and 
he was never able to work again. He re- 
tired to the home of his three sisters in 
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Plains where he remained until the time of 
his death. To me, his devoted friend for a 
quarter of a century, it was tragic to wit- 
ness his gradual transition from a power 
among men to an invalid progressively 
feebler in body but indomitable in spirit to 
the last. 

Dr. Elward is survived by his wife, the 
former Mary Tourville of Plains, two 
daughters and one son, three sisters, two 
brothers, and his devoted stepmother. 

Dr. Elward was a member of the Ameri- 
can Roentgen Ray Society, the Radiologi- 
cal Society of North America, the American 
College of Radiology and the American Ra- 
dium Society, as well as numerous local 
societies. 

A letter from Dr. P. F. Butler after Dr. 
Elward’s death pays tribute to him and 
sums up his outstanding characteristics and 
qualities. It is quoted in part as follows: “I 
was very close to Joe and he was one of the 
men in whom I took a great deal of pride. 
Because of his outstanding success I was 
continually holding him up as an example 
to the younger interns in my department. 
He was an unusually dependable type of 
man, even as an intern. He accepted any 
detail assigned to him—even a disagreeable 
one—like a good soldier and saw it through 
to its finish. Perhaps outstanding of his 
traits was his courteous and respectful atti- 
tude toward his seniors, a trait seen all too 
little nowadays. With such a background it 
was inevitable that he should make a suc- 
cess of his private practice. He also held to 
the sound idea that we are physicians first 
and specialists next. This gave him the op- 
portunity to make use of his wide knowledge 
of collateral medicine, thus greatly enhanc- 
ing his value as a specialist. He showed his 
versatility in his writings and lectures, 
most of them original contributions. In his 
death our specialty loses another of its out- 
standing members.” 

Ramsay SPILLMAN 
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SOCIETY PROCEEDINGS, CORRESPON DENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer. 


MEETINGS OF ROENTGEN SOCIETIES* 


Unrrep States OF AMERICA 


AMERICAN ROENTGEN Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
Iowa City, Iowa. Annual Meeting: 1943, cancelled. 

AMERICAN COLLEGE Of RADIOLOGY 
Secretary, Mac F. Cahal, 540 N. Michigan Ave., Chicago, 
Ill. Annual meeting: 1943, to be announced. 

Section on RapioLocy, AMERICAN MEDICAL AssociATION 
Secretary, Dr. J. T. Murphy, 421 Michigan St., Toledo, 
Ohio. Annual meeting: 1943, cancelled. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. S. Wilson, Mack Wilson Hospital, Mon- 
ticello, Ark. Meets every three months and also at time 
and place of State Medical Association. 

Rap1o.ocicat Society or NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: Drake Hotel, Chicago, IIl., 
Nov. 29-Dec. 3, 1943. 

Rapro.ocicat BAttimore Mepicat Society 
Secretary, Dr. Walter L. Kilby, Baltimore. Meets third 
Tuesday each month, September to May. 

Section on Rapro.ocy, CALirorniA MEDICAL AssociATION 
Secretary, Dr. J.D. Coate, 434 Thirtieth St., Oakland, Calif. 

Section, Connecticut MeEpicaL Society 
Secretary, Dr. Max Climan, 242 Trumbull St., Hartford, 
Conn. Meets bi-monthly on second Thursday, at place 
selected by Secretary. Annual meeting in May. 

Section on Strate MEpIcAL Society 
Secretary, Dr. H. W. Ackemann, 321 W. State St., Rock- 
ford, Ill. 

Raprotocicat Section, Los ANGELEs County MEDICAL 
ASSOCIATION 
Secretary, Dr. Donald R. Laing, 65 North Madison Ave., 
Pasadena, Calif. Meets on second Wednesday of each 
month at the County Society Building. 

Rapro.ocicat Section, SourHERN MEDICAL AssociATION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

Brooktyn RoentGEN Ray Society 
Secretary, Dr. Leo Harrington, 880 Ocean Ave., Brooklyn, 
N.Y. Meets monthly on fourth Tuesday, October to April. 

Burra.o RapIo.ocicat Society 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 

Cuicaco RoENTGEN Society 
Secretary, Dr. Warren W. Furey, 6844 S. Oglesby Ave., 
Chicago, Ill. Meets second Thursday of each month 
October to April inclusive at the Palmer House. 

Cincinnati Society 
Secretary, Dr. Samuel Brown, 707 Race St., Cincinnati, 
Ohio. Meets third Tuesday of each month, October to 
May, inclusive. 

CLEVELAND RaDIoLocIcaL Society 
Secretary, Dr. J. O. Newton, 13921 Terrace Rd., East 
Cleveland. Meets at 6:30 p.m. at Midday Club on fourth 
Monday each month, October to April, inclusive. 

Denver RapioLocicat CLus 
Secretary, Dr. Edward J. Meister, 366 Metropolitan 
Bldg., Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 

Derroir Roentcen Ray Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Building. 


Fioripa Society 
Acting Secretary, Dr. Walter A. Weed, 204 Exchange 
Bldg., Orlando, Fla. Meetings in May and November. 
GeoroiA RapioLocicaL Sociery 
Secretary, Dr. James J. Clark, 478 Peachtree St., At. 
lanta, Ga. Meets in November and at annual meeting 
of Medical Association of Georgia in the spring. 
Rapio.ocicaL Society oF Kansas Crry 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month at a 
place designated by the president. 
ILtinots RADIOLOGICAL SociETY 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 
INDIANA ROENTGEN Society 
Secretary, Dr. H. C. Ochsner, Methodist Hospital, In- 
dianapolis. Meeting held the second Sunday in May 
annually. 
Kentucky RADIOLoGIcaL Society 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in 
April. 
Lone IsLtanp Society 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. monthly 
on fourth Thursday, October to May, 8:30 P.M. 
Lovutstana RADIOLOGICAL SociETY 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 
MICHIGAN AssoOcIATION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 
MILWAUKEE ROENTGEN Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 
MunnEsoTA RADIOLOGICAL Society 
Secretary, Dr. J. P. Medelman, 572 Lowry Medical Arts 
Bldg., St. Paul. 
NEBRASKA RADIOLOGICAL SocIETY 
Secretary, Dr. D. A. Dowell, Medical Arts Bldg., Omaha, 
Nebr. Meets third Wednesday of each month, at 6 P.M. 
at either Omaha or Lincoln. 
New ENGLAND ROENTGEN Ray Society 
Secretary, Dr. Hugh F. Hare, Lahey Clinic, Boston, 
Mass. Meets monthly on third Friday, Boston Medical 
Library. 
RaDIOLoGicaL Society OF New JERSEY 
Secretary, Dr.H.J. Perlberg, 921 Bergen Ave., Jersey City. 
Meets annually at time and place of State Medical So- 
ciety. Mid-year meetings at place chosen by president. 
New York ROENTGEN SocIETY 
Secretary, Dr. M. M. Pomeranz, 1020 Park Ave., New 
York City. Meets monthly on third Monday, New York 
Academy of Medicine, at 8:00 p.m. 
Nortu Carouina RoEnTGEN Ray Socrery 
Secretary, Dr. Major Fleming, Rocky Mount, N. C. An- 
nual meeting at time and place of State Medical Society. 
Mid-year scientific meeting at place designated. 
Nortu Dakota Society 
Secretary, Dr. L. A. Nash, St. John’s Hospital, Fargo. 
Meetings held by announcement. 
Centra New York RoentcEN Ray Society 


Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 


Three meetings a year. January, May, November. 


* Secretaries of Societies not here listed are requested to send the necessary information to the Editor. 
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RADIOLOGICAL SocleTy 
Secretary, Dr. J. E. McCarthy, 707 Race St., Cincinnati. 
Meets at time and place of annual meeting of Ohio State 
Medical Association. 

Paciric ROENTGEN Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually , during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. E. Wurster, 416 Pine St., Williamsport. 
Annual meeting, Brunswick Hotel, Lancaster, Pa., May 
16, 1943. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. R. P. Barden, University Hospital, Meet- 
ings first Thursday of each month from Ocecber to 
May inclusive at 8:15 p.m., in Thompson Hall, College 
of Physicians, 19S S 22d St. 

PirrsBURGH RoENTGEN Society 
Secretary, Dr. R. G. Alley, 4800 Friendship Ave. Meets 
second Wednesday each month, 4:30 p.m., October 
to June, Pittsburgh Academy of Medicine. 

RocHESTER ROENTGEN Ray Society, Rocuester, N. Y. 
Secretary, Dr. Sidney Larson , Strong Memorial Hospital. 
Meets monthly on third Monday from October to May, 
inclusive, 8 p.M. at Strong Memorial Hospital. 

Rocky MountTAIn RADIOLOGICAL SOCIETY 
Secretary, Dr. A. M. Popma, 220 N. First St., Boise, 
Idaho. 

Sr. Louis Society oF RapIoLocists 
Secretar y, Dr. P. C. Schnoebelen, 462 N. Taylor Ave. 
Meets fourth Wednesday of each month, except June, 
July, August, and September, at a place designated by 
the president. 

San Francisco RADIOLOGICAL SocIETY 
Secretary, Dr. H. A. Hill, 450 Sutter St., San Francisco. 
Meets monthly on third Thursday at 7:45 P.M., first 
six months at Toland Hall, second at Lane Hall. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 p.M., September to May inclusive. 

CArotina X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Frére, 707 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman Klapproth, Sherman, Texas. 

University oF MicniGAN DEPARTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 p.M. at University Hospital. 

Universiry oF Wisconsin RADIOLOGICAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets every Thursday from 4:00 5:00 P.M., 
Room 301, Service Memorial Institute. i 

VirGIniA RADIOLOGICAL SociETY 
Secretary, Dr. E. L. Flanz agan, 116 E. Franklin St., 
Richmond, Va. Meets annually in October. 

Wasuincron STaTE RADIOLOGICAL SOCIETY 
Secretary, Dr. K. J. Holtz, American Bank Bldg., Seattle. 
Meets fourth Monday each month, College Club, Seattle. 

X-ray Srupy C.us or San Francisco 
Secretary, Dr. J. M. Robinson, University of California 
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Hospital. Meets monthly in evening on third Thurs- 


day. 
CuBA 
SOcIEDAD DE RADIOLOG{A y FISIOTERAPIA DE CuBA 


President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba: Meets monthly in Habana. 
British EMPIRE 

British InstiruTE oF RapioLocy IncoRPORATED WITH 
THE RONTGEN SOCIETY 
Meets monthly on third Thursday from November to 
June inclusive, at 8:15 p.m., 32 Welbeck St., London. 

SecTION OF RADIOLOGY OF THE Society or MeEpt- 
cINE (ConFINED TO MeEpIcAL MemBERs) 

Meets on the third Friday of each month during the 
winter at 8:15 P.M. at the Royal Society of Medicine 
1, Wimpole St., London, W. 1 

Facu.ty oF RADIOLOGISTS 
Secretary, Dr. M. H. Jupe, 32 Welbeck St., London, W. 1 
England. 

Section OF RapioLocy AnD Mepicat E ecrriciry, Aus- 
TRALASIAN MEpIcAL ConGREsS 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydney, 
New South Wales. 

RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British MEpDIcAL AssociATION 
Secretary, Dr. Keith Hallam, St. George’s Hospital, 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Secretary, Dr. A. D. Irvine, 540 Tegler Bldg., Edmonton, 
Alberta. 

Section oF Rapiotocy, CANADIAN MEDICAL AssociaTION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

Rapro.ocicat Section, New ZEALAND British MEDICAL 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 

ConTINENTAL Europe 

SociEDAD EspANOLA DE RADIOLOGIA Y ELECTROLOGIA 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 

SociETE SutssE DE RADIOLOGIE (SCHWEIZERISCHE RONT- 
GEN-GESELLSCHAFT) 

Secretary for French language, Dr. A. Grosjean La Chaux 
de Fonds. 

Secretary for German language, Dr. Scheurer, Molzgasse 
Biel. Meets annually in different cities. 

SociETATEA ROMANA DE RADIOLOGIE st ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banul Maracine, 30, 
S. 1., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

Aut-Russtan Roentcen Ray Assoctation, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and 
Meets annually. 

LENINGRAD ROENTGEN Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o’clock, State Institute 
of Roentgenology and Radiology, Leningrad. 

Moscow RoentcEN Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 P.M. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 
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WAR CONFERENCE 


The medical, surgical and industrial hy- 
giene experts who are so ably safeguarding 
the well-being of more than 20 million in- 
dustrial workers have agreed to pool their 
knowledge and exchange their experiences 
regarding the many new and complex prob- 
lems of today’s wartime production. For 
this purpose their organizations— 

The American Association of Industrial 
Physicians and Surgeons, 

The American Industrial Hygiene Asso- 
ciation, and 

The National Conference of Govern- 
mental Hygienists—are combining their 
annual meetings in a four-day “‘War Con- 
ference” at Rochester, New York, May 24- 
27, 1943. Among the problems to be dis- 
cussed from a practical standpoint are: 


The mass entry of women into industry; 

Older-age employees, with their various asso- 
ciated problems; proper placement and em- 
ployability considerations of the 4-F rejectees; 

Rehabilitation and proper employment of 


those already discharged from the military 
services because of disabling conditions; 

Toxic and other hazards from new sub- 
stances, new processes, and the use of substitute 
materials; 

Absenteeism; fatigue; nutrition; 

Effects of long hours; double shifts; two-job 
workers; overtime; increased industrial accident 
rates; 

Advances in the treatment of illnesses and 
injuries, and many others. 

This joint meeting will be a report on the 
state of the nation, by the men who know, 
in matters of industrial health. Dr. William 
A. Sawyer, Medical Director of Eastman 
Kodak, is General Chairman; Dr. James 
H. Sterner and Lieut. Comm. J. J. Bloom- 
field are arranging the programs for the in- 
dustrial hygienists. 

Physicians and surgeons, hygienists, en- 
gineers, nurses, executives—all who are in- 
terested in the problems of industrial 
health and their solution—are invited to 
attend as many of the sessions as they can 
arrange for; no registration fee is required 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


Tue Docrors Mayo. By H. B. Clapesattle. 
Cloth. Price, $3.75. Pp. 822, with numerous 
illustrations. Minneapolis: University of 
Minnesota Press, 1941. 


This large volume is packed with history, re- 
collections and romance. It is a human docu- 
ment. It is a history of the progress and advance 
of medicine and surgery for the past fifty years. 
The reader can open the volume anywhere and 
find fascinating and absorbing pages that iden- 
tify some element in the development of the 
most successful and the most original system of 
integrated medical practice in the whole world. 
It may be that private enterprise as exemplified 
in the Mayo Clinic can never be duplicated or 
extended to this or other countries. Imitations 
have been ventured and maintained periods of 
success that were usually measured by the ac- 
tive life span of the leader. The story of the 
Doctors Mayo shows an undefinable breadth of 
fundamental sincerity, an undeniable urge to 
develop along sound, conservative lines, an un- 
limited ambition to add only able minds, a 
magnificent courage and confidence in the 
triumph of righteous effort; in fact, it is im- 
possible to catalogue the many virtues that 
have contributed to the flowering of institutions 
and the influences of the Doctors Mayo. 

This is probably the greatest success story in 
the annals of medicine. To the reviewer who 
made his first pilgrimage to Rochester thirty- 
five years ago, and met the older Mayo, this 
record of the Mayo saga becomes a vital docu- 
ment. However, it is inconceivable that any 
reader could be disappointed in the slowly ex- 
panding drama of American surgery as it is 
personalized by word and photograph from 
page to page. 

There have been innumerable reviews of this 
interesting book and every one seems to be 
tinctured with personal recollections of the re- 
viewer. There seems to be no reason why this 
one should not continue the idea, for every ra- 
diologist feels more or less of a proprietary inter- 
est in the successful career of radiology at the 
Mayo Clinic. One remembers the erratic Selby, 
although this book mentions Dr. J. Grosvenor 


Cross as the Rochester pioneer roentgenologist 
who later moved to Minneapolis. The renowned 
Carman came in 1912 after a brief interlude of 
the enthusiastic Vernon J. Willey. Carman 
brought Albert Miller with him from St. Louis 
as a sort of Boswell or alter ego. This team was 
given unlimited scope and they proceeded to 
gather statistics and establish diagnostic values, 
especially in gastrointestinal roentgenology. 
Aside from their contributions to roentgen di- 
agnosis the several radiologists at Rochester 
have been extremely popular with their col- 
leagues throughout the world. The personalities 
of Carman, Moore, Sutherland, Miller, Camp 
and Kirklin would probably have carried them 
far even without the glamour of the Rochester 
setting. They did take advantage of their un- 
usual opportunities and have shared the harvest 
of roentgen lore generously. 

Therapeutic radiology has been obliged to 
fight for every inch of acceptance at Rochester. 
The atmosphere has been surgical in spite of the 
breadth of vision and the practical approach to 
a complete medical and _ surgical service, 
adorned by research and plumed with graduate 
instruction. The department of Radium Ther- 
apy has been carried on, among others, by Leda 
J. Stacy, the modest and industrious Bowing and 
the statistical Fricke. These three have been 
concerned with pelvic conditions while New and 
Figi were more interested in radium therapy of 
the head and neck. Roentgen therapy seems to 
pursue a conservative course through the 
scholarly, inquisitive Desjardins, ably sec- 
onded by Leddy, Popp and Fear. 

Dr. Will Mayo was always most cordial to 
radiologists and radiological organizations when 
they visited Rochester. Dr. Charles Mayo in- 
dulged in conducting roentgen examinations 
when Dr. Cross went to Minneapolis, and bore 
some scars of exposure upon his fingers. As tes- 
timony of the appreciation that Dr. Will Mayo 
had for roentgenology one recalls his welcoming 
remarks when the American Roentgen Ray 
Society spent a day at Rochester. To emphasize 
the tremendous values of visual’ adjuncts to 
medicine, he told of his visit to “the Victoria 
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Hospital in New Castle-on-Tyne where the 
surgeon, Rutherford Morrison, had printed 
upon the wall of his operating amphitheater 
facing the students the following five words 
‘Sight’ in large letters; “Touch’ in smaller letters; 
‘Hearing’ in still smaller letters; ‘Smell’ in fine 
print and, last, “Taste’ in print so small as to 
be hardly distinguishable across the room, this 
indicating Rutherford’s estimation of the five 
special senses in relation to surgery.”’ Dr. Will 
Mayo turned this recollection into a neat tribute 
to the visualized possibilities of the roentgen 
examination. 

It is easy to recollect discussions among both 
admiring and critical visitors who wondered 
about the possible perpetuation of what started 
out to be only a surgical mecca. This volume 
gives some credit to Frank Billings for his ad- 
vice to Dr. Will to expand the Clinic’s base and 
cover the whole water front of medicine, sur- 
gery and the specialties. Not only has this been 
done but all avenues of graduate instruction, 
university alliance, research and allied sciences 
have been dovetailed into a panoramic institu- 
tion that dominates the landscape of southern 
Minnesota. The integral human units that are 
now part and parcel of the whole have become 
important cogs in the organizations of medicine 
and in the medical literature of the whole world. 

There will always be a Washington Monu- 
ment as long as our American Democracy sur- 
vives and there will always be a Mayo Clinic 
at Rochester as long as the ideals and the vi- 
sions of the Doctors Mayo prevail in the coun- 
cils of the staff organization. Things that are 
conceived within the minds of men and built 
by the hands of men can never be as permanent 
as the wonders of the earth. But there has never 
been another isolated spot on the face of the 
earth that has attracted more patients and 
more physicians and influenced both so success- 
fully as the prairie village of Rochester with its 
native sons, The Doctors Mayo. 

E. H. SKINNER 


RoENTGEN TecHNique. By Clyde McNeill, 
M.D., Louisville. Second edition. Cloth. 
Price, $5.00. Pp. 329, with 276 illustrations. 
Springfield, Illinois: Charles C Thomas, 1941. 


This practical volume deals with roentgen- 
ray anatomy and positioning for roentgen- 
ography. 

As in the first edition, we are impressed by 
the excellent manner in which the various 


standard positions have been described by pho- 
tographs and line drawings, as well as an accom- 
panying discussion of the projection on the 
opposite page. To this new second, somewhat 
enlarged edition, the author has added material 
on some of the newer procedures, making the 
volume more complete and comprehensive. The 
addition of certain references to the literature 
in some of the special procedures is to be par- 
ticularly commended. 

We recommend this book as one of the best 
constructed, handy manuals for ready reference 
that is available at the present time. 

C. Swenson 


Nutrition AND CHEMICAL GROWTH IN CHILD- 
Hoop. Volume I. Evaluation. By Icie G. 
Macy, Ph.D., Director, Research Laboratory, 
Children’s Fund of Michigan, Consultant for 
Nutrition to the Pediatric Staff of the Chil- 
dren’s Hospital of Michigan; Member of the 
Food and Nutrition Board of the National 
Research Council, etc. With a Foreword by 
Hugo A. Freund, M.D., President Board of 
Trustees, Children’s Fund of Michigan. Cloth. 
Price, $5.00. Pp. 432, with 66 illustrations. 
Springfield, Illinois: Charles C Thomas, 1942. 


This is the first of two volumes written by 
Icie G. Macy, Director of the Research Labora- 
tory, Children’s Fund of Michigan, which pre- 
sents a summary of an intensive clinical and 
biochemical investigation of normal children. 
Volume I, the subject of this review, has the 
title “Evaluation”; the second volume with the 
title “Interpretation” will appear in 1943 and 
will give the results of a continuation of the 
previous study. The first volume deals particu- 
larly with a discussion of clinical examination 
and developmental records, with biochemical 
methods, with dietetic and metabolic balance 


studies and with the average retentions of 


eighteen food constituents by normal children 
during many five day balance periods. 

The most important aspect of the publication 
is a summary of balance studies of eighteen dif- 
ferent chemical substances in normal children 
in conjunction with other observations which 
may be classified as pediatric, anatomic, psy- 
chometric, physiologic, anthropometric, roent- 
genologic and chemical. It is stressed that when 
the rapid polarographic and spectrographic 
methods for the determination of substances in 
biologic material are employed, the results can 
be made available within a few days after the 
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termination of the series of observations. These 
newer methods, according to the author, should 
be of great practical value in clinical medicine 
and pediatrics. 

No attempt can be made by the reviewer to 
evaluate the results which appear to be derived 
from a most careful, thorough and painstaking 
extended study of normal children, in which all 
modern methods of study are applied. Conclu- 
sions concerning the following are presented: 
the feeding of recommended allowances, the 
variability of food stuffs, the basal metabolism, 
and energy utilization, chemistry of the formed 
elements of the blood, evaluation of skeletal 
maturation, roentgenographic gastrointestinal 
studies, and the accurate sampling of food, 
urine and feces. 

In addition to a study of the total energy ex- 
change, the results of a metabolic balance 
studies on the following substances are given: 
nitrogen, calcium, magnesium, sodium, potas- 
sium, sulfur, chlorine, phosphorus, copper, 
zinc, iron, nickel, carbon, fat and complex car- 
bohydrates. 

The material presented represents a huge 
undertaking which has had the extensive co- 
operation of a large number of individuals. The 
Trustees of the Children’s Fund of Michigan, 
Dr. Macy, and her associates should be con- 
gratulated on the completion of such an impor- 
tant and comprehensive project. The book is an 
excellent summary of the most important 
phases of nutrition and growth in childhood and 
should serve as an excellent and reliable refer- 
ence text. It should also be of great value to 
those engaged in nutritional investigations re- 
lating to childhood and to all physicians en- 
gaged in the care of children. 

Cyrus C. Srurcis 


DisEASES OF THE Naizs. By V. Pardo-Castello, 
M.D., Assistant Professor of Dermatology 
and Syphilology, University of Havana, 
Member of the American Dermatological 
Association, etc. With a Foreword by Howard 
Fox, M.D., Professor of Dermatology and 
Syphilology, New York University, Univer- 
sity and Bellevue Hospital Medical College. 
Second edition. Cloth. Price, $3.50. Pp. 193, 
with 98 illustrations. Springfield, Illinois: 
Charles C Thomas, 1941. 


This book presents the subject of diseases of 
the nails in a concise and comprehensive man- 
ner. In addition to the text there are 98 excel- 


Book Reviews 


551 


lent illustrations that give the reader a pictorial 
representation of many conditions affecting the 
nails. For the radiologist and general practi- 
tioner who often receive complaints from pa- 
tients concerning nail affections, this book offers 
an opportunity for an intelligent approach to 
diagnosis and therapy. This book should be in 
every doctor’s library, and in many instances it 
will be referred to daily. 

The author has collected the material for the 
book not only from his large practice, but from 
many others interested in this important sub- 
ject. The publisher, as usual, has prepared a 
book in which the type, the paper, the illustra- 
tions and the binding are excellent in all details. 

Eucene P. PENDERGRASS 


SuRGICAL PuysioLocy. By Joseph Nash, M.D., 
Assistant Professor of Clinical Surgery, New 
York University College of Medicine; Asso- 
ciate Visiting Surgeon, Bellevue Hospital, 
New York City; First Lieutenant, Medical 
Corps, U. S. Army; Assistant Chief of the 
Surgical Service, Lovell General Hospital, 
Fort Devens, Massachusetts. Cloth. Price, 
$6.00. Pp. 496, with 16 illustrations. Spring- 
field, Illinois: Charles C Thomas, 1942. 


This book is essentially a condensed text of 
practical mammalian physiology. It is less de- 
tailed and contains fewer illustrations than the 
earlier physiology texts that were written with 
the view of correlating basic physiology with 
clinical medicine. It has as its basis a series of 
lectures given by the author since 1930 at the 
New York University College of Medicine as a 
part of the Graduate Course in Surgery. 

The amount of condensation that this work 
required evidently necessitated the sacrifice of 
the principle of logical sequence in the sec- 
ondary structure of the work; as a consequence 
the reader finds it difficult to retain what he 
reads. 

Critical reading uncovers many contextual 
contradictions. This is especially true in the 
chapters on the circulation, surgical shock and 
respiration. The contradictions that appear are 
somewhat proportional to the number of pri- 
mary sources from which the material was 
drawn. The chapter on the kidney is very well 
written and the chapters on acid base balance, 
salt- and water balances and the hormones are 
good. These chapters may well be worth the 
price of the book. 

The text lacks an organized reference to the 
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physiology of anesthesia. Without a doubt, 
anesthesia exerts a very great influence upon 
the integration of physiological processes and 
consequently any text of “Surgical Physiology” 
cannot be complete without a discussion of the 
effects of anesthesia upon physiological proc- 
esses. 

The basic physiologic principles governing 
growth and repair are also neglected. The re- 
viewer feels that as a consequence the author 
has missed a golden opportunity for the con- 
struction of an interesting and enlightening 
introduction that could have contained some 
philosophical consideration of the problems con- 
fronting the physiologist and the surgeon. This 
might have served to make the book a challenge 
to thought rather than the challenge to memory 
that it is. 

Whatever the faults of the text may be, it is 
directed toward filling a need that every sur- 
geon knows to be existent but is one that seem- 
ingly only can be filled in a satisfactory manner 
by a collective effort of experienced surgeons 
and highly trained and experienced physiolo- 
gists. 

It is unlikely that any one man will ever be 
capable of acquiring a mastery of the ramified 
and complex divisions of physiology and of 
surgery that would enable him to write a 
critically constructed text of “Surgical Physi- 
ology.” 

Should this book stimulate the collaboration 
of specialists in the fields of physiology and of 
surgery in writing a comprehensive text, it will 
have provided of invaluable service. 

FREDERICK A. COLLER 


Directory or Mepicat SpeciAists CEerrti- 
FIED BY AMERICAN Boarps, 1942. Compiled 
by the Advisory Board for Medical Special- 
ties. Cloth. Price, $7.00. Pp. 2495. New York: 
Columbia University Press, 1942. 


As most physicians know, this Directory is 
the only official and complete list of medical 
specialists. It lists them geographically as well 
as alphabetically and gives not only their pro- 
fessional biographies but in addition full de- 
tails of special training leading to certifica- 
tion. 

While the first edition had a large circulation, 
being widely used in business and medical or- 
ganization offices, as well as by individual 
physicians, it is now obsolete because of the 
large number of diplomates certified since 1939 


by the former boards and also by the addition 
of Boards of Anesthesiology, Plastic Surgery 
and Neurological Surgery. 

The size of the volume has been increased 50 
per cent although 4,000 added names account 
for about a 30 per cent increase. The dispropor- 
tion is accounted for by the additional bio- 
graphical data, this having been amplified both 
as to past positions, such as internships, new 
appointments, and military service. Procure. 
curement and selective service officials find it 
very helpful in identifying applicants for com- 
missions and verifying their qualifications. 

In these strenuous times few can afford to 
be without the aid of such a useful book. 

E. WALTER Hat 
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H. Wangensteen, B.A., M.D., Ph.D., Pro- 
fessor of Surgery of the University of Minne- 
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Istanbul, Turkey. With a Foreword by J. 
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Macy., Ph.D., Director, Research Laboratory, 
Children’s Fund of Michigan, Consultant for 
Nutrition to the Pediatric Staff of the Chil- 
dren’s Hospital of Michigan; Member of the 
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DUPLICATION OF ROENTGENOGRAMS BY THE 
LIGHT REVERSAL PROCESS* 


By GEORGE C. HENNY, M.D., GUSTAVUS C. BIRD, JR., M.D., and 
HERBERT M. STAUFFER, M.D. 


PHILADELPHIA, PENNSYLVANIA 


| IS well known among news photog- 
raphers that a negative can be made 
from another negative by the light rever- 
sal process. In other words, negatives can 
be directly duplicated. We have been sur- 
prised to find how few roentgenologists 
are aware of this process which can be 
used also with roentgenographic film so as 
to duplicate roentgenograms. Duplicates of 
roentgenograms can be made very con- 
veniently. Special film and developer are 
not required, and the process, which is de- 
scribed below, is so simple that anyone can 
do it. The only special piece of equipment 
required is an ordinary photographer’s 
printing frame large enough to hold the 
film to be copied. 

The roentgenogram which is to be du- 
plicated is placed on the clean glass of the 
printing frame. On top of this, in the dark- 
room, is placed an ordinary unexposed 
roentgenographic film of the same size. The 
printing frame is then closed, thereby 
clamping the unexposed film tightly against 
the roentgenogram. The glass of the print- 
ing frame may then be covered with a piece 
of black paper, carried outside or to an open 
window (without fly screen on it) and there 
exposed directly to the sunlight for about 
thirty seconds. The printing frame is taken 
to the darkroom and the film is given stand- 
ard development. When completely proc- 
essed, the film will be a close duplicate of 
the original. The time of exposure to the 
sunlight will depend somewhat on the time 


of the day and the clearness of the atmos- 
phere, and also upon the general density of 
the film to be duplicated. Since there is a 
great deal of latitude in this process, the ex- 
posure does not have to be carefully made, 
and thirty seconds is a good starting point. 
If the resulting film is too dark, the ex- 
posure to the light should be increased, and 
if it is too light, it should be decreased. This 
is the opposite of ordinary photographic 
procedure because of the reversal process. 
If the sun is not shining when the duplica- 
tions have to be made, it is possible to use 
artificial light, but the results may not be 
quite as good. In this case perhaps the 
simplest procedure is to place the printing 
frame with the roentgenogram and under- 
lying film directly against the glass of a 
film illuminator. The exposure time de- 
pends on the brightness of the illuminator 
but in most cases ten or fifteen minutes 
will be required. The film is developed in 
the darkroom in the usual manner, and the 
result should be a close duplicate of the 
original. If the light intensity over the sur- 
face of the illuminator is not uniform, the 
duplicate will show this unevenness. 

A fair duplication can be made by ex- 
posing the film 20 inches below a 100 watt 
light for thirty minutes. This film will prob- 
ably be darker than the original but will 
have good diagnostic detail. 

To show the progress of the reversal 
process, a roentgenogram was made of an 
aluminum stepladder. The exposure was 


* From the Department of Radiology, Temple University Hospital, Philadelphia. 
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so chosen that the range of photographic 
densities was between 0.5 and 2.2 as shown 
by the broken line of Figure 1. This film 
was then duplicated, using Eastman Blue 
Brand roentgen film, by exposure to the 
sunlight for 0.2, 1, 3, 10 and 30 seconds. 
The duplicates thus exposed were measured 
with a densitometer and the data were ob- 
tained for the curves of Figure 1. Here it 
is seen that the longer the exposure, the less 
dense is the resulting film after develop- 
ment. Thus at 0.2 second (this exposure 
could not be accurately timed) the film 
is very black throughout the whole range, 
and it is evident that there is very little 
contrast. As the exposure to the sunlight is 
increased, it is found that at thirty seconds 
the density curve is nearly superimposed 
throughout the whole density range on the 
curve of the original. This shows that a 
nearly exact duplicate can be made, as far 
as density is concerned. The fineness of 
detail suffers slightly, due undoubtedly to 
the fact that the films are the double emul- 


‘sion type. Bone trabeculations can easily 


be seen on the duplicate film so that if the 
original film and its duplicate are placed 
side by side and viewed at the usual distance, 
very little difference between the two can 
be observed. 
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EXPOSURE TO SUN LIGHT 


PHOTOGRAPHIC DENSITY 


9 6 4 
STEP OF ALUMINUM LADDER 


Fic. 1. Photographic density curves of duplicates of 
a roentgenogram of an aluminum stepladder. The 
original roentgenogram, having nine density steps, 
is represented by the broken line curve. The copies 
of the original were made by printing it on East- 
man Blue Brand roentgen film, exposure being 
made to the morning sun for the times indicated 
on each curve. The films were developed in the 
usual manner in Eastman Kodalk X-Ray Devel- 
oper for six minutes at 65° F. 
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ABSTRACTS OF ROENTGEN AND 
RADIUM LITERATURE 


ROENTGEN AND RADIUM THERAPY 


Spanc_er, Davis. The effect of x-ray therapy 
for closure of the epiphyses: preliminary re- 
port. Radiology, Sept., 1941, 37, 310-315. 
There are various causes for unequal length 

of the legs. Orthopedic lengthening of the short 
leg requires months of hospitalization and 
surgical shortening of the long one is usually 
objected to. The author suggests closing of the 
epiphyses at the knee of the long leg, preventing 
further growth and allowing the shorter leg to 
catch up. This is a preliminary report to sug- 
gest further trial of the method, as he has only 
used it in 4 cases, which are described. The 
treatment was successful in 3 cases and failed 
in the fourth. He believes that about 3,000 r 
given in one fractionated series will bring about 
closure of the epiphyses. He irradiates through 
four portals, one anterior, one posterior and one 
on each side, giving 750 r to each with 140 kv., 
through 0.25 mm. copper. The fractionating is 
arranged so as to produce tanning but not epi- 
dermitis. The knee joint cartilages should be 
protected with lead strips. 

These children were treated just before the 
spurt of bone growth that takes place at puberty. 
He thinks the results would be more satisfactory 
if they were treated at six to ten years of age.— 
Audrey G. Morgan. 


Bairp, L. W. Roentgen irradiation of calcareous 
deposits about the shoulder. Radiology, Sept., 
1941, 37, 316-324. 

The author discusses the roentgen treatment 
in 18 cases of calcified subacromial bursitis. In 
diagnosis two exposures should be made, one 
with external rotation of the humerus and one 
with internal rotation. As the deposits may be 
bilateral it is best to make exposures of both 
shoulders, even though the pain may be bi- 
lateral. In very acute cases it is often necessary 
to use a soft tissue technique as the shadows of 
the deposits are very faint. 

Of this series of cases 9 were acute, 5 sub- 
acute and 4 chronic. The technique was as fol- 
lows: 300 r (measured in air) in a single dose 
through a 15X15 cm. cone angled slightly to- 
ward the body over the anterolateral portion of 


the shoulder: 200 kv., constant potential, 1.0 
mm. copper plus 1.0 mm. aluminum filter, 
50 cm. distance, 18 ma. Only one exposure was 
necessary to relieve pain and restore function in 
all of the acute and 2 of the subacute cases. In 
the 3 other subacute cases two treatments were 
necessary. Two of the chronic patients were re- 
lieved by three treatments at intervals of four 
weeks while the treatment was a failure in the 
other two. This method is not adapted for the 
treatment of chronic cases in which the chief 
symptom is limitation of motion. This is caused 
by fibrosis and adhesions and is not relieved by 
irradiation.—Audrey G. Morgan. 


Kein, I., and Kiemes, I. S. Treatment of 
peritendinitis calcarea in the shoulder joint. 
Radiology, Sept., 1941, 37, 325-330. 


The authors give a tabulation of their cases of 
peritendinitis calcarea of the shoulder joint 
from 1932 to 1940. Physiotherapy in the form 
of infra-red therapy and diathermy was used 
from 1932 to 1937 while roentgen irradiation 
was used from 1937 to 1940. The roentgen 
technique was as follows: 75 to 100 r in air every 
three to seven days for four doses. If necessary 
a second course was given after a month’s rest. 
The physical factors were: 125 kv., 4.0 mm. 
aluminum filter, 5 ma., 30 cm. distance, field 
8X8 cm., or 180 kv., 4 ma., 40 cm. distance, 
0.§ mm. copper and 1.0 mm. aluminum filter, 
field 10X10 cm. The choice of method depended 
on the thickness of the shoulder. Both gave the 
same results. The calcifications disappeared 
under roentgen treatment and the period of 
disability was greatly shortened as compared to 
that with physiotherapy. The average period 
of disability with physiotherapy was fifty days, 
with roentgen treatment ten days. Seven illus- 
trative cases are described and illustrated with 
roentgenograms.—Audrey G. Morgan. 


Stone, RosBert S., and Rosinson, J. Maurice. 
Roentgen irradiation of the pelvis in carci- 
noma of the cervix uteri. Radiology, May, 
1941, 36, 521-533. 

In the authors’ plan of treatment radium is 
used for the primary lesion in the cervix and 
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roentgen irradiation is used for the treatment of 
the territories to which the lesion is apt to 
spread. If the tumor of the cervix is small and 
well localized a complete course of radium treat- 
ment is given. If the tumor is in Stage I or 11 
this is followed by a Wertheim operation; if it 
is more advanced roentgen treatment is given. 
But if the growth is large and extensive, roent- 
gen treatment is given first in an attempt to 
decrease its size, and radium treatment is given 
two to six weeks later. 

Ninety per cent of lymphatic involvement 
occurs in the primary lymph nodes, which must 
therefore be irradiated. These are the hypo- 
gastric, the obturator, the iliac, the sacral and 
the parametral nodes. The cancer may extend 
directly into the parametrium and the vagina 
and these must be included in the fields to be 
irradiated. 

The fields to be irradiated should be marked 
out carefully and the beam should be directed 
not at the cervix but at the lateral walls of the 
true pelvis and the anterior surface of the 
sacrum. The object is to irradiate not a certain 
area of skin but the structures lying beneath it 
and the physician himself should attend to the 
placing of the patient and the direction of the 
beam. This should never be left to technicians 
for it is a medical and not a technical problem. 
The amount of irradiation given should be as 
much as the normal tissues will bear. 

The authors have found that six fields, two 
anterior, two posterior, and two lateral, give 
the best internal distribution of the irradiation. 

They compare the results in two series of 
cases in the first of which they used 200 kv. 
therapy, half-value layer 1.05 mm. copper 
in which one anterior and one posterior field 
20X20 cm. and two lateral fields 10X20 cm. 
were used. The total dosage rarely exceeded 
2,000 r, in air, per field. In the second series 
they used 1,000 kv., with anterior and posterior 
fields 20X20 cm. but no lateral fields; at first 
316 r and later 240 r, in air, was used per field 
per treatment. There was a higher percentage 
of survivals in the group treated with 200 kv., 
but there was evidence in both that the growth 
of the cancer was slowed or stopped by the 
roentgen treatment.—Audrey G. Morgan. 


Cantrit, Simeon T., BuscHKe, Franz, and 
Parker, H. M. Irradiation in cancer of the 
cervix uteri. Radiology, May, 1941, 36, 534- 


542. 
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In treating cancer of the cervix an attempt 
should first be made to determine the anatomic 
limits of the growth and the effect it has had on 
the patient. As the majority of deaths are due 
to occlusion of the ureters, cystoscopy and 
intravenous urography must be used in many 
cases. Among 1g Stage Iv cases in which intra- 
venous urography was done half showed some 
degree of ureteral obstruction. 

The authors do not give purely palliative 
treatment, for the amount of palliation ob- 
tained is rarely in proportion to the severity of 
the treatment. Patients with ureteral obstruc- 
tion are treated with the object of restoring 
permeability of the ureter if possible. They 
follow no rigid outline of treatment as this is a 
disease in which individualization is most im- 


_ portant. In all except Stage 1 cases they supple- 


ment radium treatment with roentgen irradia- 
tion, using 800 kv., 10 ma., 4 mm. lead filtration, 
100 cm. distance, with an intensity of 23.5 r per 
minute for a field of 10X14 cm. Types of radium 
applicators are shown. As a rule they give a 
total radium dose of about 8,000 mg-hr., equiva- 
lent to about 4,500 r. Radium should be given 
first, followed by roentgen irradiation unless 
anatomical conditions make this method impos- 
sible. A rectal reaction can hardly be avoided if 
sufficient treatment is given. They use two an- 
terior suprapubic and two posterior lumbosacral 
fields, and if greater dosage to the parametrium 
is desirable also two oblique ischiosciatic fields. 
The size of the fields is 10X10 cm. in small pa- 
tients and 10X14 cm. in larger ones. 

Isodose curves were determined in a pressd- 
wood model of the pelvis of a living subject. A 
study of these measurements shows that a 
roentgen-ray dose of 2,600 r contributes little 
to the combined dosage at the periphery of the 
broad ligaments in a broad pelvis. It is known 
clinically that roentgen therapy rarely cures a 
cancer of the cervix that has spread into the 
broad ligaments and to the wall of the pelvis. 
They show also that the effective range of 
radium is sufficient for Stage 1 and that in Stage 
11 the roentgen-ray contribution is not apt to 
increase the dosage beyond the tolerance level. 
In Stage 111 an increase of either the radium or 
roentgen-ray dose may be necessary to control 
outlying metastases. In patients with a small 
pelvis this is best obtained by increasing the 
radium dosage and in patients with a large pel- 
vis the roentgen-ray doses may be increased 
with greater safety than in smaller ones, though 
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wherever radium can be used its effects can 
more readily be localized in the places where it 
is most needed and normal tissues are injured 
less. 

Radium is the more important source of 
radioactivity and the success of its use should 
not be endangered by using external roentgen 
treatment first and carrying it to the limit of 
tolerance of the normal tissues. In Stage tv in 
which radium cannot be used the curability 
cannot be increased solely by increasing dosage 
by supervoltage therapy. There are other factors 
than dosage to be considered; the biologic ef- 
fects of radiation on normal and malignant tis- 
sues are of the first importance. For certain 
kinds of cells there is no lethal dose and there 
is no certainty that tissues will be destroyed by 
any given irradiation.— Audrey G. Morgan. 


LitJENCRANTz, Eric, and Newe R. R. 
Technic of irradiation of cancer of the uterine 
cervix, combining radium and supervoltage 
roentgen rays. Radiology, May, 1941, 36, 
543-549. 


For the past few years the authors have been 
using very hard roentgen irradiation (half-value 
layer =2.7 mm. Sn). They use three fields at 120 
degrees, one suprapubic and two posterolateral 
(gluteal). The fields are 15 to 16 cm. circles. A 
sketch is given showing the entrances and exits. 
As external irradiation alone cannot give a 
third of the dosage at the cervix attained by 
radium, radium treatment is added. They be- 
lieve that roentgen irradiation should be used 
first and radium afterward. They treat patients 
six days a week with rotation of the three fields. 
The posterior areas are generally given 400 r 
each time and the suprapubic area 300 r. Back- 
scatter adds 20 per cent. In a month the limits 
of skin tolerance will have been reached with 
3,600 r tissue dose in front and 4,800 r gluteal. 
Radium is applied once within a few days of the 
completion of the roentgen treatment. Filtration 
2 mm. platinum. Time usually thirty hours, 
giving a total of 3,000 mg-hr. 

They have used this technique three years. 
They have 5 patients well after that time. Forty 
are living less than three years after treatment, 
30 of them more than one year, but 13 
still have visible cancer. All of these patients 
were in Stages 1 and 11. Of the 14 who have 
died all but two were in Stage 111.—Audrey G. 
Morgan, 


SANDLER, BERNARD. The radium distribution 
factor in carcinoma cervix therapy, with a 
comparison of techniques. Brit. ¥. Radiol., 
Sept., 1941, 74, 284-293. 


Tables are given showing the dose delivered 
to different parts of the pelvis by various tech- 
niques with different methods of distribution of 
radium. The values assumed as maximum toler- 
ance doses are for the vaginal vault 18,000 to 
20,000 r, for the cervix 30,0co r and for the 
rectovaginal septum 5,000 r. An examination of 
the different techniques shows that if 6,000 r is 
accepted as the cancericidal level no technique 
with radium alone delivers this dosage at 5 cm. 
from the midline and few can deliver it at more 
than 3 cm. from the midline. 

With all techniques it is found that the size 
of the vagina has a very great effect on the 
depth dose, an effect even greater than that of 
the technique used. A single source of radium 
will not give the best results. Radium must be 
applied from at least two vaginal sources. Each 
size of vagina must have its own technique; the 
vaginal tolerances must be determined and then 
two sources of radium used in such a way that 
the maximum tolerances are fully utilized; the 
radium must be placed as far away as possible 
from the vaginal mucosa and as large as possible 
a weight of radium must be used so that the 
largest possible depth dose may be given. The 
results showed that corks are better than box 
applicators. 

Roentgen irradiation causes stenosis of the 
vagina and therefore if roentgen treatment is 
given some days before the insertion of radium 
the available space in the vagina will be reduced 
by the roentgen irradiation. Radium should 
therefore be given first or, if not, the radium 
should be inserted very shortly after the roent- 
gen irradiation so that there will not be time for 
stenosis to occur. 

Each vagina must have its own technique 
carefully worked out and the relations of uterine 
and vaginal radium to the depth dose and to 
each other must be determined accurately. It 
must be possible to give the calculated dosage 
exactly without any influence by the operator. 
Therefore factors such as different degrees of 
pressure in packing, the stiffness of the springs 
used in the Paris technique, etc., must be elimi- 
nated. A solid applicator made in sections is 
suggested, which fills the vagina and fornices 
completely so that no packing is necessary. The 
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distance between the radium and mucosa and 
between the different radium sources is exactly 
fixed. A specially designed applicator is neces- 
sary for each vagina in order to give the pre- 
determined maximum tolerance dose. The 
radium dosage can be correlated with any 
roentgen technique.—Audrey G. Morgan. 


Dous, Howarp P., Pratr, Jean P., and 
Jones, Horace C. Combined irradiation and 
surgery in treatment of carcinoma of the 

pelvic colon. Radiology, Nov., 1941, 37, 575 
580. 


Since 1924 the authors have used a combined 
method of surgery and irradiation in the treat- 
ment of cancer of the colon and rectum at the 
Henry Ford Hospital in Detroit. They first give 
roentgen irradiation consisting of a daily full 
erythema dose around the pelvis through four 
fields. The physical factors are: 200 kv., 25 ma., 
50 cm., focus-skin distance, 0.5 mm. copper and 
1.0 mm. aluminum filtration, 720 r. After from 
four to six weeks, operation is performed. The 
technique has to be varied according to the case 
but in the majority of cases a one-stage ab- 
dominoperineal or combined anterior and pos- 
terior resection can be used. Some surgeons 
condemn preoperative irradiation because they 
say it increases the risk of operation but the 
authors have found, on the contrary, that it de- 
creases it. Possibly part of this difference of 
opinion is due to the time interval between ir- 
radiation and operation. If operation is per- 
formed too soon during the period of engorge- 
ment it may increase the risk. But if it is 
postponed until the patient’s physical condition 
has reacted favorably it decreases the risk. Ir- 
radiation also seems to furnish a certain degree 
of protection against peritonitis. This finding 
has been confirmed by animal experiment. 

In the authors’ series of cases there was 8 per 
cent postoperative mortality, 46 per cent lived 
less than five years and 46 per cent more than 
five years. If the cases are counted in which only 
surgical excision was performed the percentage 
of five year survivals is 60 per cent. This is 
probably because the cases treated by operation 
alone were early cases, while many of those 
treated by irradiation were inoperable until 
after irradiation was given. This method seems 
to raise the limit of operability in patients who 
otherwise would be inoperable.—Audrey G. 
Morgan. 
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Bowinc, Harry H., and Fricke, Ropert FE. 
Malignant disease of the rectum and recto- 
sigmoid treated with radium. Radiology, 
Nov., 1941, 37, 569-574. 


It has been calculated that 5 per cent of all 
malignant disease of the body occurs in the sig- 
moid and rectum. If untreated, rectal cancer 
is very painful and accompanied by hemorrhage, 
foul rectal discharge and total disability. About 
65 per cent of the cases are inoperable when they 
come for treatment. The great importance of 
radiation therapy is therefore apparent for life 
can be lengthened and made much more com- 
fortable for these patients. They are usually 
elderly people with other degenerative diseases. 

Treatment is generally with radium which 
may either be implanted in the tumor or if the 


‘tumor is accessible given by the contact method, 


two tubes containing approximately equal 
amounts of radon filtered through 0.5 mm. silver 
and 1 mm. brass enclosed in 2 mm. soft rubber 
being strapped together to form a small plaque 
which is placed directly against the tumor. 
Several applications may be necessary, prob- 
ably one a day, to cover the entire growth ade- 
quately. The usual dosage for cases which have 
not had colostomy is from 40 to 100 mec-hr. per 
square centimeter of diseased surface. The total 
dose is heavy. A table is given showing the dos- 
age at various depths with given amounts of 
surface radiation. 

No routine technique can be given because 
the cases vary so greatly. The results depend to 
a great extent on the skill, care and patience of 
the radiologist. Treatment is necessarily dif- 
ficult and tedious. Early diagnosis and treat- 
ment of polyps of the rectum should reduce the 
incidence of cancer of the rectum. In 1934, 500 
cases were reported from the Mayo Clinic. Of 
this group 193 (39 per cent) survived for three 
years, five years or ten years or more. Counting 
only the patients who were given preoperative 
treatment 45 per cent survived.—Audrey G. 
Morgan. 


PriEstLey, J. T., and Scuutte, T. L. The treat- 
ment of Wilms’ tumor. ¥. Uro/., Jan., 1942, 
47, 7-10. 

The proper method of treatment of Wilms’ 
tumor is still a subject of controversy. Most urol- 
ogists agree on preoperative irradiation, 
nephrectomy and postoperative irradiation. 
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The finding of viable tumor cells at operation 
after preoperative irradiation indicates that 
irradiation alone is not adequate. At the Mayo 
Clinic no case of Wilms’ tumor treated by ir- 
radiation alone survived for five years. 

An argument which has been advanced for 
immediate operation without preliminary ir- 
radiation is that metastases may occur during 
the three to six week interval which treatment 
requires. This argument was felt to be applica- 
ble in one of the authors’ cases in which a chest 
roentgenogram prior to beginning irradiation 
showed no evidence of metastasis. One month 
later, a chest roentgenogram after nephrectomy 
showed extensive pulmonary metastases. Ob- 
viously, it could not be proved that these metas- 
tases were not present on the original examina- 
tion although not demonstrable. 

Arguments in favor of preoperative irradia- 
tion are that surgical removal is facilitated due 
to decrease in size of the tumor. This means less 
operative morbidity and mortality. 

In the experience of the authors the best re- 
sults have been obtained from nephrectomy 
combined with pre- and postoperative irradia- 
tion—R. M. Harvey. 


Mouncer, A. D. Experiences in the treatment 
of carcinoma of the prostate with irradiation 
of the testicles. ¥. Urol., Nov., 1941, 6, 
1007-1011. 


The occasional beneficial results occurring in 
cancer of the breast following irradiation of the 
ovary suggests the possible value of suppression 
of testicular function in cancer of the prostate. 
Testicular hormonal activity can be suppressed 
by delivery of 500 roentgens to the testicle. In a 
series of 11 cases the author delivered 500 roent- 
gens to each testicle by means of supervoltage 
therapy in addition to the scattered radiation 
that was delivered there from other portals used 
in the routine treatment of the prostate gland. 

Of 45 cases treated by resection and irradia- 
tion, 10 survived while 8 of 11 cases treated with 
resection, irradiation and additional testicular 
irradiation survived. The survival time of 5 
of the 8 patients ranged from three to seven 
years. The prostatic bed appears much more 
resilient in these cases as compared with similar 
cases treated without the additional testicular 
irradiation. In 2 cases with pelvic metastases, 
the metastatic sites appear to have become 
stabilized although still present. 
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The author feels that additional irradiation 
to the testicle adds something definite to the 
treatment of cancer of the prostate.—R. M. 
Harvey. 


RanpDALt, A. Irradiation control of testicular 
tumor metastases; return of renal function 
after long apparent absence. ¥. Uro/., Dec., 
1941, 1144-1148. 

Intravenous urography is of value in the 
study of metastasis of testicular tumors. In 
a study of 17 cases of testicular tumor the 
author has encountered 7 cases of complete uni- 
lateral anuria, indicating renal dysfunction. The 
diagnosis in 6 of the 7 cases was established by 
orchidectomy. In all cases active irradiation was 
employed and in 3 disappearance of the abdomi- 
nal mass occurred with subsequent return of the 
anuric kidneys to apparently normal function. 
Of these 3 cases 2 are alive and all of the 4 are 
dead in whom renal function did not return 
following irradiation. 

There were varied explanations for the cause 
of the anuria in the different cases. In the 4 
cases which terminated fatally ureteral obstruc- 
tion was present in 2, the kidney was invaded 
by the tumor in the third and the renal vein was 
invaded by the tumor in the fourth case. 

Of the 3 cases in which return of function 
could be demonstrated in a previously anuric 
kidney, a late obstructive uropathy developed 
in one. In the other 2 the author suggests as the 
mechanism for the anuria renal ischemia 
secondary to lymphatic stasis. This could re- 
sult from an increase in intrarenal pressure. 


R. M. Harvey. 


Mertz, H.O., Howe R. D., and Henpricks, 
J. W. The limitations of irradiation of solid 
renal tumors in children. ¥. Uro/., Dec., 1941, 
46, 1103-1120. 


Preoperative and postoperative irradiation 
is only an adjuvant to surgical removal in treat- 
ment of kidney tumors. Apparent clinical cures 
have been reported following irradiation alone. 
The authors employed roentgen radiation in the 
treatment of 11 renal tumors, in children. In 
3 of these tumors the lesion proved to be cystic 
at operation and irradiation had no effect on the 
size of the tumor. Irradiation also had no effect 
on a polycystic kidney. In 3 patients the tumor 
mass became smaller but all 3 died with a 
palpable tumor and no autopsy was permitted. 
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Roentgen treatment was not complete in 2 
cases. Only 3 of the group with solid renal 
tumors had adequate irradiation and subse- 
quent pathological diagnoses of the irradiated 
tumors. All cases were treated at 50 cm. with 
200 kv. and a Thoraeus filter. 

The first patient was a white male, aged 
twenty months, who had a large embryonal 
adenomyosarcoma which could not be ade- 
quately irradiated due to severe gastrointestinal 
upsets following each attempt. The few treat- 
ments given had no effect on the tumor. The 
dosage given is not stated by the authors. 

The second case was an embryonic adenomyo- 
sarcoma of the left kidney in a male, aged 
eleven years. He received 2,000 r (measured in 
air) to an anterior and posterior portal over the 
kidney with daily treatments of 200 r to one 
portal. This gave an estimated tumor dose of 
2,960 r. Three months later, 2,000 r was given 
to an anterior, posterior and lateral portal with 
an estimated tumor dose of 4,000 r. A left 
retrograde pyelogram at this time showed an 
almost normal kidney. Treatment was con- 
tinued at three month intervals for a total 
estimated tumor dose of 9,200 r. The mass ap- 
peared to regress following the first two courses 
but after the third course it began to grow 
rapidly and the patient died fourteen months 
after he was first seen. 

The third case of embryonic adenocarcinoma 
was in a male, aged twenty-nine months. This 
case received an estimated tumor dose of over 
16,000 r. The child has survived more than three 
years and is apparently clinically cured. 

The authors make a plea for larger dosage in 
these cases, continued for an indefinite period 
with shorter rest periods.—R. M. Harvey. 


KreutzMann, H. A. R. The treatment of Hun- 
ner’s ulcer with deep x-ray therapy. ¥. Uro/., 
Nov., Ig4l, 907-912. 


Fulguration has proved to be the most effec- 
tive method of treatment in Hunner’s ulcer. The 
author was made aware of the value of roentgen 
treatment in this condition by a patient who 
had a Hunner’s ulcer and menopausal uterine 
hemorrhages. Roentgen treatment of the uterine 
hemorrhage resulted in cure of the ulcer, which 
had recurred following fulguration. Five other 
patients in whom Hunner’s ulcers recurred 
after other forms of treatment were subjected 
to deep roentgen therapy. The factors were: 
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200 kv. at 50-cm. tube-skin distance, with a 
filter of 0.§ mm. of copper and 1 mm. of alumi- 
num. Anterior and posterior portals were used. 

The usual dosage administered was 1,200- 
1,500 roentgens to each portal. No improvement 
occurred in 3 cases. In the other 3 cases com- 
plete symptomatic relief occurred together 
with disappearance of the ulcer for periods 
ranging from seven to twelve months. The 
author says that this compares favorably with 
the results from fulguration. 

The dangers are possibility of producing 
permanent skin changes from repeated series 
of treatments and production of the menopause 
in young women.—R. M. Harvey. 


Hauser, Harry. Roentgen therapy in tubercu- 
lous cervical lymphadenitis. Radiology, Sept., 
1941, 37, 304-309. 

The treatment of choice in tuberculous cervi- 
cal adenitis is roentgen irradiation combined 
with conservative surgery. 

The author reports a series of 108 cases 
treated from 1932 to 1940. All types of the dis- 
ease were treated. Eighty-seven of the cases 
were followed up for from a few months to 
seven years. Among these the results were satis- 
factory in 88.5 per cent and unsatisfactory in 
per cent. 

As this is a chronic inflammation small doses 
of irradiation should be given at comparatively 
long intervals over a long period of time. The 
author’s technique was: 200 kv., 0.75 mm. copper 
plus 2.0 mm. aluminum filtration, half-value 
layer 0.9 mm. copper, $0 cm. target-skin dis- 
tance, 150 r every ten days for 100 days or a 
total dosage of 1,500 r. With 20 ma. current 
the output was 35 r per minute. In bilateral 
lesions the dosage was 100 r on each side of the 
neck giving a total dosage of 1,000 r on each 
side. The field irradiated was larger than the 
involved area. 

The prolongation of the irradiation prevented 
skin damage even if the series was repeated six 
months to a year later. However, a second or 
third repetition may injure the skin. 

Two cases are described in detail to illustrate 
satisfactory and unsatisfactory results. In the 
second case in which the local results were un- 
satisfactory the patient’s general condition was 
nevertheless greatly improved. She was a 
woman of forty who had had enlarged glands 
since she was fourteen years of age.—Audrey G. 
Morgan. 
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Ke.ty, James F., and Dowex, D. Arno_p. 
Twelve-year review of x-ray therapy of gas 
gangrene. Radiology, Oct., 1941, 37, 421-439. 


The first report on the roentgen treatment of 
gas gangrene was made in 1931. Up to that time 
the mortality from that disease had been 50 per 
cent or more, and many amputations had been 
performed. In the group of 8 cases reported at 
that time the mortality was only 25 per cent 
with no removal of tissue after roentgen treat- 
ment had begun. Tables and graphs are given 
showing the mortality in the authors’ own cases 
and cases collected from the literature since 
that time. In 364 cases with one or more roent- 
gen treatments the mortality was 11.5 per cent; 
in 288 cases with three or more roentgen treat- 
ments §.9 per cent, and in 42 cases with three 
or more roentgen treatments and no serum 4.7 
per cent. So with roentgen treatment gas 
gangrene can no longer be considered a really 
serious disease. 

The mortality was higher in cases treated on 
clinical evidence alone than in those in which 
laboratory examination showed C/. welchii. 
That is, the inclusion of cases with doubtful 
diagnosis raised rather than lowered the mor- 
tality. 

Amputation is not indicated in these cases. 
Only such tissue should be removed as is neces- 
sitated by the wound. No major surgery should 
be performed during the acute toxic stage for 
the infection itself. Nor should either serum or 
sulfonamides be used in conjunction with the 
roentgen treatment. The antitoxic action of 
roentgen therapy is evidently nonspecific and 
can be used in other infections, such as peri- 
tonitis and osteomyelitis. 

Irradiation can also be used prophylactically. 
A number of cases are described in detail, show- 
ing the method of use and the results of the 
treatment. 

In the discussion, Dr. McNamee objected to 
the use of the term prophylactic. He said that 
what was described as prophylaxis was really 
only very early treatment before clinical signs of 
the disease had developed. Dr. Kelly replied that 
what he had called prophylactic irradiation is 
not a vaccination but that it is prophylaxis in 
the sense that it prevents the infection from 
becoming established. In reply to a question in 
regard to dosage he said that they gave for 
treatment I§0 r per day in two doses of 75 r 
or three doses of 50 r each to the entire abdomen 
or the area believed to be infected. For pro- 


phylaxis they give one dose of 75 r per day. 
From go to 130 kv. is used, depending on the 
thickness of the part and filtration is increased 
with kilovoltage.— Audrey G. Morgan. 


Dowpy, Anprew H., and Sewe t, Roserr L. 
Roentgen radiation in experimental Clos- 
tridium welchii infection (gas gangrene) in 
dogs. Radiology, Oct., 1941, 37, 440-442. 


Experimental work in gas gangrene on small 
animals has been unsatisfactory because of the 
irregular and unpredictable course of the disease. 
But the authors have succeeded in producing 
an infection quite similar to that in man in dogs. 
They injected material from a twenty-four hour 
unwashed culture of gas bacilli intramuscularly 
into the thigh of the dogs. Sixty-six dogs were 
inoculated, 16 being used for biological stand- 
ardization, 25 for the tests and 25 as controls. 
After the injections they were irradiated with 
an individual dose of 100 r (measured in air), 
portal from 20X20 cm. to 20X30 cm. Morphia 
was given in some cases to keep the animals 
quiet. The survival was 36 per cent among the 
irradiated animals and 20 per cent in the control 
group. The average survival period was almost 
twice as long in the irradiated as in the non- 
irradiated animals—-45.4 hours as compared 
with 24.5 hours. The results are more striking 
when the factors of time between inoculation 
and irradiation, amount of treatment, dosage 
and kilovoltage are taken into consideration, 
and a table is given showing the effect of some 
of these factors. For instance in a group of ani- 
mals given 1.25 cc. of the material (the lethal 
dose) or more, survival in the irradiated animals 
was 31 per cent and in the non-irradiated ani- 
mals only 12.5 per cent. Further study is to be 
made of the effect of varying these factors and 
of the effect of using sulfanilamide compounds 
alone or in conjunction with irradiation. 


Audrey G. Morgan. 


Hopces, Frep M., Sneap, L. O., and BERGER, 
R. A. Roentgen therapy of hemangiomata. 
Radiology, June, 1941, 76, 700-705. 


Radium treatment has been quite generally 
used in the treatment of birthmarks. The 
authors find that equally good or better results 
can be obtained in certain types of these lesions 
by the use of roentgen rays. Filtered rays are 
used in certain selected cases of cavernous 
hemangiomata and contact therapy in the more 
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or less superficial strawberry birthmarks. Three 
illustrative cases are described, in the first of 
which a very large cavernous birthmark of the 
ear and face was reduced to only slight dis- 
coloration by treatment continued over thirty 
months. During this time the child was given 
1,440 r filtered through 3 mm. aluminum at a 
focal skin distance of 25 cm. and at 135 kv. She 
was never given more than 200 r delivered in 
air at one treatment, more often 120 r at the 
rate of 40 r per minute. Contact therapy is now 
being used to overcome the remaining dis- 
coloration. Among 1g infants treated for 
strawberry birthmarks by the contact therapy 
method g have been discharged with so little 
discoloration that the lesion could not be located 
if its presence was not previously known. Of the 
remaining patients none has been under ob- 
servation more than six months. 

With contact therapy they give one treat- 
ment in four to six weeks. The dose is only of 
three seconds’ duration, during which 400 r in 
air is delivered. This produces little or no re- 
action in the tenderest skin of the youngest 
infant. _dudrey G. Morgan. 


Arons, Istpore. Further studies on radio- 
therapy of lymphoblastoma. Radiology, Aug., 
1941, 377, 164-173. 

In the course of the past ten years the author 
has treated 45 cases of lymphoblastoma, con- 
sisting of 12 cases of Hodgkin’s disease, 15 of 
lymphosarcoma, 13 of leukemia and § on the 
borderline between leukemia and lymphosar- 
coma. Fight of the cases are described and 
illustrated with roentgenograms and the details 
of the roentgen treatment given in the case 
histories. 

It has been found that normal function of 
the reticulo-endothelial system is a major factor 
in resistance to malignancy. This is particularly 
true in malignant disease of the lymphatic 
system. Therefore modern treatment of the 
lymphoblastomas aims to give a dosage suf- 
ficient to destroy the local lesions without injur- 
ing the reticulo-endothelial system. The massive 
doses that were at first given with disastrous 
results are no longer used. The low voltages 
formerly used have been increased to the pres- 
ent high voltages. The doses are now fractioned, 
the doses being given at brief enough intervals 
to ensure continuous radioactivity and to pre- 
vent the recovery of malignant cells not com- 
pletely destroyed. 
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As autopsies have shown that the areas of 
malignant proliferation are larger than shown 
clinically, extensive irradiation should be used. 
The author thinks, however, that irradiation of 
the whole body should be used only in selected 
cases. Irradiation of the spleen—small doses 
over three fields—is of value in some cases of 
lymphoblastoma. 

Experimental work has shown that involve- 
ment of the spleen is accompanied by a high 
percentage of involvement of the lungs. 

Irradiation with small doses and short inter- 
vals is only palliative but may treble the life 
expectancy of the patient.—Audrey G. Morgan. 


Popp, WALTER C., and Warkins, CHARLEs H. 
Roentgen therapy for chronic macrolympho- 
cytic and mesolymphocytic lymphatic leu- 
kemia. Radiology, Aug., 1941, 37, 160-163. 


The authors describe what they consider a 
special phase of lymphatic leukemia rather than 
a new type of the disease. It is characterized by 
the fact that a large majority of the lympho- 
cytes are of the macrolymphocytic or mesolym- 
phatic type. At first glance the picture might be 
confused with that of acute leukemia but a 
close examination of the cells shows that they 
are not lymphoblasts. 

Special care is necessary in the roentgen 
treatment of this phase of the disease as these 
cells are particularly sensitive to irradiation. 
Also irradiation with large doses is apt to bring 
about a rapid increase in blood urea, either from 
difficulty in eliminating the waste products of 
the destruction of leukocytes or from involve- 
ment of the kidney itself. Too great reduction 
of the number of leukocytes should also be 
avoided. When the count is around 75,000 re- 
duction to 25,000 to 30,000 is sufficient and 
proportionate reduction with other counts. 

They give not more than 100 to 125 r per field 
with about 130 kv. Only one treatment is given 
per day and they are continued daily until the 
count has reached the desired level. Frequent 
leukocyte counts and blood urea determinations 
should be made. 

Dr. Haden said be believed the disease de- 
scribed was more closely related to sarcoma 
than the classic lymphoid leukemia. Such cells 
are sensitive to irradiation. Dr. Portmann said 
he believed he had not made a special classifica- 
tion of the type of leukemia described. He has, 
however, given roentgen treatment to patients 
in the leukopenic stage of leukemia with good 
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results. In these cases he gives spray irradiation 
anteriorly and posteriorly in small doses—25 to 
50 r—on alternate days. He has had bad results 
in only 1 case in which an overdosage was given. 
Dr. Newell said he believed in giving the small- 
est dosage that gives results in all cases of 
leukemia. He generally starts with a dosage of 
25 r rather than 100 r. He does not understand 
the authors’ fear of a low white count. Even if 
the count goes down to 6,000 it is not alarming 
if this fall has been brought about by small 
doses of irradiation. Dr. Popp in closing said 
there is probably no disease in which there is 
greater confusion in classification than in 
leukemia. He believes the type described by 
him and his colleagues is a distinct entity and 
should not be confused with leukosarcoma.— 
Audrey G. Morgan. 


Jacox, Harotp W., and FreepMan, Lester J. 
The roentgen treatment of myxomatous cu- 
taneous cysts. Radiology, June, 1941, 36, 695— 
699. 

The authors describe 7 cases of myxomatous 
skin cysts seen at the Western Pennsylvania 
Hospital in the course of three years. This in- 
cidence in an active dermatological service 
shows that these cysts are not very frequent. 
They were formerly confused with synovial 
lesions of the skin but the differentiation should 
be made as surgery is effective in the latter 
while the myxomatous cysts are apt to recur 
after surgical removal. 

These cysts are caused by degenerative 
changes in the corium, the etiology of which is 
not known. They are not reducible by pressure 
as the synovial cysts are and as they are a part 
of the corium the skin cannot be moved over 
them. They are best treated by low voltage 
roentgen therapy, 100 kv. constant potential, 
4 ma., 30 cm. focal skin distance, no added 
filtration, 120 r per minute, 1,400 to 1,600 r at 
one treatment. The field should be limited to 
the base of the lesion and the surrounding skin 
adequately protected. The doses formerly used 
were too small to be effective-—Audrey G. 
Morgan. 


Antuony C. Irradiation in derma- 
tology. Radiology, June, 1941, 76, 684-694. 


There is a great lack of uniformity in the 
technique of irradiation in skin diseases. In 
general, roentgenologists tend to use higher 


voltages, greater filtration, larger doses and 
shorter intervals between treatments while 
dermatologists use lower voltages, little or no 
filtration and smaller doses with longer inter- 
vals, Certainly the quality of rays should be 
used which gives the best results with the least 
damage to underlying structures. A chart is 
given which shows absorption curves with 
depth doses of various radiations used in derma- 
tological practice superimposed, with correct 
dimensions, over a cross-sectional diagram of 
the skin. The peak voltages varied from 40 to 
140 kv. It shows that for routined ermatologic 
treatment unfiltered roentgen rays generated 
with 40 kv. are as effective as those generated 
with 100 kv. Certainly 100 kv. rays are more 
than adequate to reach pathological lesions in 
the skin. In support of his thesis that high 
voltage heavily filtered rays are unnecessary 
and even undesirable in dermatologic practice 
the author discusses the treatment of a number 
of the commoner skin diseases. 

In the discussion Dr. Driver said that the 
less irradiation given consistent with good re- 
sults the better. Nor should irradiation be re- 
peated too often for such diseases as acne vul- 
garis, particularly in young people less than 
seventeen or eighteen years of age. The need of 
a complete knowledge of the treatment used 
was also emphasized.— Audrey G. Morgan. 


Asusury, Howarp Hicks. An ointment for the 
relief of discomfort due to severe irradiation 
epidermitis. Radiology, June, 1941, 36, 739. 


In the ordinary skin reaction caused by ir- 
radiation the discomfort can be controlled by 
aquaphor. But the author describes a case of 
severe reaction from irradiation of cancer of the 
vulva. This is a particularly sensitive area and 
the skin and mucous membrane were com- 
pletely denuded. Relief was obtained by the 
local application two or three times within 
twenty-four hours of an ointment made by the 
addition of 0.5 to 1 per cent of tetracaine to the 
aquaphor.—Audrey G. Morgan. 


Roserts, Fr. The limitations of biopsy in x-ray 
therapy. Brit. F. Radiol., April, 1941, 74, 
144-145. 

There has been an increasing tendency on the 
part of radiologists to demand biopsy examina- 
tions before giving treatment. The author be- 
lieves that this tendency has been exaggerated 
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and that, if there are clinical and roentgeno- 
logical evidences of malignancy, treatment 
should be given without waiting for a pathologi- 
cal examination. In the first place, the patient 
is apt to be very sick and should not be sub- 
jected to additional unnecessary strain. Then 
there is the possibility that a malignant growth 
may be disseminated. Biopsy often does not 
give a definite result; the part of the growth 
that is removed may be non-malignant but 
there may be malignancy in other parts. The 
course of the treatment cannot be influenced by 
the finer degrees of microscopic malignancy. 
Some radiologists evidently fear that if his- 
tological diagnosis is not made and a cure re- 
sults discredit will be cast on their treatment on 
the ground that the diagnosis was incorrect. 
But the fact that malignant growths can be 
cured by irradiation has been sufficiently 
proved so that histological evidence is not 
necessary in every case.—Audrey G. Morgan. 


Jacosy, Paut, and Sporort, J. Investigations 
into the significance of the sedimentation re- 
action as regards the prognosis of irradiation 
of cancer patients. Radiology, May, 1941, 36, 
617-620. 

This report is from the Radium Center of the 
Danish Society for the Campaign against Can- 
cer in Odense, Denmark. This country is so 
small that it is much easier to follow up cancer 
patients than in larger countries. The author 
reports $9 cases of cancer of the breast and 39 
with cancer of the uterus in which sedimenta- 
tion tests were made before treatment and 
afterwards at varying intervals. Tables are 
given showing the details of the results. 

The prognostic significance of the sedimenta- 
tion reaction cannot be judged until about a 
year after the beginning of treatment. The 
figures for both groups of cases show that in- 
creased sedimentation reaction has an unfavor- 
able prognostic significance. The use of the 
sedimentation reaction in the control of cancer 
patients should be continued.—Audrey G. 
Morgan. 


MISCELLANEOUS 


LinpGren, Erik. An apparatus for radiography 
in immediate connection with radioscopy. 
Acta radiol., 1941, 22, 383-386. 


The author describes and illustrates an ap- 
paratus for taking roentgenograms in immedi- 
ate connection with screen examination of the 
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duodenum. In this way no changes take place in 
the condition of the organ between the time of 
the fluoroscopic examination and the making of 
the permanent record. It is so arranged that it 
can be switched from the screening side to the 
exposure side by the nurse at a given signal 
from the doctor. Many similar devices have 
been used before but the author thinks his is 
simpler, lighter and less expensive than most of 
those in use heretofore.— Audrey G. Morgan. 


Criark, K. C., and Poutsson, K. T. Further ex- 
periments in x-ray screen photography (1011 
subjects with control direct radiographs). 
Brit. F. Radiol., July, 1941, 74, 250-254. 


Miniature screen photography and compara- 
tive direct roentgenography was carried out in 
1,011 cases, 771 of the subjects being Norwe- 
gian seamen escaped from the Lofoten Islands in 
March, 1941; they were of outstanding phy- 
sique. The others were students, office workers, 
factory hands, etc. The details of the screen 
photography are discussed and a table given 
showing the findings in the 55 cases in which 
there were pathological conditions. 

Two physicians examined the miniatures and 
control direct roentgenograms. The less experi- 
enced of these found 11 discrepancies and the 
more experienced 10. The discrepancies found 
were of no clinical significance. Evidently if 
first-class technique is used screen photography 
very closely approximates if it does not equal 
the results of the usual direct method in dis- 
tinguishing the normal from the pathological. 
Definite active tuberculous lesions were found 
in 13 of the cases, including 2 of pleural effusion. 
None of these lesions were overlooked in the 
miniatures.— Audrey G. Morgan. 


Hopes, Puitip J., and Joun Q. Ef- 
fect of roentgen irradiation upon lymphatic 
flow in rats. Radiology, Aug., 1941, 37, 203- 
204. 

Rats were irradiated to determine whether 
roentgen irradiation has any effect on the flow 
of lymph. Two groups were treated—one with 
135 kv., 4 ma., 0.25 mm. copper plus I mm. 
aluminum filtration, 30 cm. target-skin dis- 
tance, total dose to skin 2,250 r (in air) given at 
one time in about forty minutes. Twenty-one to 
twenty-five days later thorotrast was injected 
into the dorsum of each foot: One hind leg of 
each rat had been irradiated while the other was 
used as a control. The other group was treated 
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with 200 kv., 20 ma., 0.75 mm. copper plus 2.0 
aluminum filter, 25 cm. target-skin distance, 
total dose 2,200 r in air delivered at one time 
in about twenty minutes. Injections of thoro- 
trast six weeks after irradiation. 

In neither group was there any appreciable 
interference with the flow of lymph. But much 
more experimentation is necessary before these 
results can be applied to human problems. Dif- 
ferent daily doses and a much wider range of 
time interval after irradiation must be used. 
Possibly colloid dye studies would be more ef- 
fective in determining the rate of lymph flow.— 
Audrey G. Morgan. 


G.iicKksMann, A. Preliminary observations on 
the quantitative examination of human biopsy 
material taken from irradiated carcinomata. 
Brit. F. Radiol., June, 1941, 74, 187-198. 


The biological response of both normal and 
malignant cells to radiation has been studied 
quantitatively at the Strangeways Research 
Laboratory, Cambridge. In this paper a method 
is described by which the effects of radiation on 
living malignant cells in biopsy material is 
measured quantitatively. The method so far has 
been applied only to the primary growth in 
squamous and basal cell carcinomata. Biopsies 
were taken before treatment and at different in- 
tervals during and after treatment. They were 
cut at right angles to the surface of the tumor 
so as to include the growing edge and both ma- 
lignant and normal tissue. 

All the cells in selected young areas of tumor 
growth were counted and divided into four 
classes: dividing, degenerate, resting, and dif- 
ferentiating cells. Graphs are given showing the 
percentages of these different types of cells at 
various times during and after the treatment. 
The resultant curves can be used somewhat as 
blood counts are used in blood diseases for de- 
termining the response of the tumor to treat- 
ment. The effectiveness of the treatment can be 
judged by the quantitative differences in the 
different types of cells in counts made at the dif- 
ferent periods. The method is to be tested on a 
larger scale-—Audrey G. Morgan. 


Suciura, Kanematsvu. The effect of high and 
low body temperatures upon the growth of 
irradiated mouse sarcoma 180. Radiology, 
July, 1941, 37, 85-93. 

The author believed that the growth of 
mouse tumor might be affected by the body 


temperature of the animals. The experiments 
which he performed in the attempt to settle this 
question are described in detail and illustrated, 
Fever was brought about by the use of short 
and ultra-short radio waves, cold by keeping 
the animals in the refrigerator. Mouse sarcoma 
180 was used for the experiments. 

When animals with tumors were irradiated 
with 200 kv. and then subjected to ultra-short 
radio waves until the rectal temperature was 
40° to 43° C. the number of tumor regressions 
was definitely increased. With doses of 1,000 r 
the regressions increased from 50 to 75 per cent. 
_When the temperature at which the irra- 


‘diated mice was kept was reduced to —10° C, 


the animals all died within a few hours. When 
they were kept at temperatures of 3° to 5° C. 
they survived but the number of tumor regres- 
sions was decreased. With a dose of 100 r the de- 
crease was from $0 per cent to 27 per cent. 

A study was also made of the resistance of 
mouse sarcoma 180 to cold in vitro. Bits of tu- 
mor tissue were kept at — 70° C. for varying pe- 
riods and then inoculated into normal mice. The 
capacity of the tumors for growth was only 
slightly inhibited by this procedure. The growth 
of the tumors was greatly delayed for the first 
week but after that it was normal. It made no 
difference whether the tumor fragments were 
kept for one hour or for seven days in the frozen 
state. The injurious action of the cold on the tu- 
mor cells was due to the initial rapid freezing 
and not to keeping them frozen for long periods. 
—Audrey G. Morgan. 


Denstap, Torrinn. Die Strahlensensibilitat 
des Knochenmarks. (The radiosensitiveness 
of the bone marrow.) Acta radiol., 1941, 22, 
347-359- 

The animal experimentation which has been 
done on the effect of irradiation on the blood 
has not given uniform results and besides the 
findings cannot be applied to human pathology. 
The author has therefore studied the action of 
irradiation, both radium and roentgen, on the 
bone marrow in human subjects being treated 
for cancer. The roentgen treatment as a rule was 
given with hard rays—175 kv., 4 ma., 2 mm. 
copper and 3.5 mm. aluminum filter, 60 cm. dis- 
tance. Material for examination was obtained 
by puncture of the sternum. 

It was found that the red marrow is very sen- 
sitive to irradiation. Marked changes took place 
even after the small doses used in the treatment 
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of inflammation and arthrodesis. Both the 
erythropoietic and the myopoietic cells were af- 
fected, the most immature cells being the ones 
that disappeared quickest. The bone marrow 
showed a very great capacity for regeneration. 
Even with the largest therapeutic doses there 
was almost complete anatomical regeneration 
after one to a few months. But the blood changes 
were more persistent. A marked leukopenia, 
chiefly lymphopenia, sometimes persisted for a 
year after treatment, though the general health 
was not affected. This leukopenia is doubtless 
due to the inhibiting action of the irradiation on 
myelopoiesis and lymphopoiesis. This inhibition 
is evidently due to a distant action of the rays 
and occurs whether the marrow is irradiated di- 
rectly or not. Total irradiation is probably the 
best palliative treatment for leukemia.— Audrey 
G. Morgan. 


Friep, Cart. The rcentgen treatment of experi- 
mental pneumonia in the guinea-pig. Radio/- 
ogy, Aug., 1941, 37, 197-202. 


It has been found empirically that roentgen 
irradiation in pneumonia brings about decline 
of the fever, disappearance of dyspnea, general 
improvement and shortening of the course of 
the disease. 

The author experimented on the irradiation 
of artificial pneumonia in guinea pigs in an at- 
tempt to account for this improvement and to 
determine whether it could be counted on in all 
cases. The animals were infected by giving them 
an intratracheal injection of an emulsion of 
Staphylococcus aureus haemolyticus. Less than 
lethal doses were given so that the controls 
could be used for purposes of comparison. The 
irradiated animals showed the same clinical im- 
provement as human subjects. Macroscopically 
the lungs of the non-irradiated animals showed 
hepatization while those of the irradiated ani- 
mals were soft and normal in color and consist- 
ency. Histological examination showed infiltra- 
tion in the non-irradiated animals and normal 
alveoli in the irradiated ones. Obviously irradia- 
tion hinders the development of pneumonia and 
the earlier it is given after infection the better 
the results. 

The course of the experimental pneumonia in 
animals is fundamentally the same as that of 
postoperative pneumonia in man and the author 
concludes that the results of irradiation seen in 
human cases have not been due to chance but to 
the power of irradiation to limit inflammation 
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and influence the mechanism of healing.—Au- 
drey G. Morgan. 


CHAMBERS, Rosert, and CAMERON, GLADys. 
The reaction of kidney tubules in tissue cul- 
ture to roentgen rays. Radiology, Aug., 1941, 
37, 186-193. 


These experiments were made with a view to 
determining whether cells when physiologically 
active are more susceptible to the action of 
roentgen rays than when they are not. The tis- 
sue used was from the mesonephros of nine or 
ten day chick embryos grown in tissue culture. 
Experiment has shown that these tubules con- 
tinue to function in tissue cultures. The out- 
growth from the explant consists of wandering 
cells, fibroblasts and sheets of proliferating epi- 
thelium so that the cultures provide a method of 
studying epithelial tissue as organized tissue in 
the form of secreting tubules and as unorgan- 
ized tissue in the form of outgrowing sheets. 

It was found that organized secreting tubules 
and wandering cells were far more sensitive to 
the action of the rays than unorganized epithe- 
lial sheets. The distal tubules were found to be 
more radioresistant than the proximal tubules. 

Doses of 5,000 to 75,000 r were used. Large 
doses of 25,000 r were required to bring about 
definite effects within several days. 

The results of the experiments show that 
cellular activity is a factor in increasing the sus- 
ceptibility of cells to the destructive acticn of 
irradiation. The susceptibility of the tubules 
was increased when their secretory activity was 
stimulated by the addition of phenol red or 
magnesium sulphate to the medium. 

The renal cells are capable of recovering from 
the effects of sublethal doses of irradiation, as 
shown by the fact that if they are stimulated to 
secrete soon after irradiation they die, but if 
time is allowed for them to recuperate they can 
do the extra work required by the stimulation 
without deteriorating.—Audrey G. Morgan. 


HeEnsuaw, Paut S. The induction of multipolar 
cell division with x-rays and its possible sig- 
nificance. Radiology, June, 1941, 36, 717-724. 
There is apparently a paradox in the fact that 

irradiation causes cell death and yet may also 

cause the unrestrained growth of cancer. 

When fertilization takes place the fertilized 
egg practically always divides into two equal 
blastomeres but if either of the gametes is ir- 
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radiated before fertilization takes place cleav- 
age takes place not into two blastomeres but 
into several. This multipolar cell division usu- 
ally causes early death of the cell progeny. 
There is as yet no record of multipolar division 
actually having caused tumor but it seems pos- 
sible that it may cause changes in hereditary 
substances which make malignant growth possi- 
ble. Experimental work has shown some inter- 
esting facts bearing on this probiem. If young 
mice from a high-breast-cancer strain are foster- 
nursed by mother from a low-cancer strain few 
cancers will develop among them, but if the 
young of low-cancer strains are nursed by 
mothers of high-cancer strains there will be 
many cancers. This indicates that there are two 
factors in the causation of cancer—one in the 
hereditary background and one in the milk. 
Possibly radiation acts as the stimulating factor 
that rouses into activity certain hereditary fac- 


tors capable of causing malignancy.— Audrey 
G. Morgan. 


WesTeRMARK, Nixs. A study of the cardiac 
movements simultaneously recorded by roent- 
gen-cinematography and _ electrocardiogra- 
phy. Acta radiol., 1941, 22, 393-403. 


The author describes experiments made on 
sheep which show how complicated the move- 
ment of the heart is, not only during the active 
phase of systole but also during the passive 
phase of diastole. Five metallic indicators were 
inserted into the wall of the left ventricle and 
roentgen cinematography and electrocardiogra- 
phy carried out at the same time. By the method 
used, which is described, the records of the two 
methods of examination could be compared 
with an accuracy of 1/18 to 1/24 second. Dia- 
grams are given of the position of the indicators 
in the wall of the ventricle and graphs show the 
paths of the indicators during the revolution of 
the heart. 

They show that the anterior part of the base 
of the ventricle makes a piston-like movement 
with the downward phase at the beginning of 
diastole and the upward movement during the 
end of systole. The anterior part of the base of 
the ventricle remains perfectly quiet during 
diastole. Apparently, therefore, a contraction of 
the rest of the wall of the ventricle has taken 
place during systole. Except for a tendency of 
the wall of the ventricle to approach the base of 
the heart, no contractile movement of this kind 
could be demonstrated definitely on the out- 
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lines of the wall of the ventricle. These outlines 
seemed to describe a pendulum-like and rota- 
tory movement caused by the movements of the 
whole heart.—-dudrey G. Morgan. 


Taytor, Lauriston S. New x-ray laboratory ot 
the National Bureau of Standards. Radiology, 
July, 1941, 37, 79-84. 

During the past ten years the voltage of roent- 
gen treatment apparatus has been increased 
from 200 kv. to about 1,000 kv. The problem of 
the establishment of suitable standards for such 
voltages has been turned over to the Bureau of 
Standards and a laboratory has been built for 
this purpose at a cost of about half a million dol- 
lars. This laboratory and its equipment is de- 
scribed in detail and a floor plan of the first floor 
and roentgen-ray laboratory given. The space is 
divided about equally between the roentgen-ray 
section and the high-voltage measurements sec- 
tion. The building is five stories in height. At 
the time this article was written the installation 
of the 1,000 kv. equipment had been completed 
and the equipment was in operation. The 400 
kv. equipment on the second floor had just been 
completed and standardization work was to be 
begun.— Audrey G. Morgan. 


Cassen, Benepicr. Some recent contributions 
of physics and engineering research to radiol- 
ogy. Radiology, Sept., 1941, 37, 338-342. 

The author pays tribute to the great value of 
the work of physicists and engineers in the prog- 
ress of radiology. He discusses a number of re- 
cent contributions, among them ignition timing, 
air cooling for therapy tubes, the polarized 
stereoscope, which makes it possible for a num- 
ber of observers to obtain stereoscopic vision of 
roentgenograms at the same time, and the sub- 
stitution for the old feathered copper-glass seals 
of Kovar-glass seals. The technical details of 
these discoveries are described and illustrated 
with diagrammatic drawings. They are all con- 
tributions to roentgenography except the air 
cooling of therapy tubes which is of value in 
treatment.— Audrey G. Morgan. 


SranrorD, Brian. A research into the physical 
factors concerned in indirect radiography. I. 
The optimum combination of film and fluo- 
rescing screen for use in indirect radiography. 
Brit. F. Radiol., April, 1941, 74, 128-135. 


Indirect roentgenography, or the photo- 
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graphing of the image made on the fluoroscopic 
screen, has not been very widely used practi- 
cally in England. The author therefore proposes 
to consider in a series of papers the various 
physical factors involved in the process. In this 
paper he considers the effect on density of the 
image of different combinations of photographic 
emulsion and fluorescing screen. Eleven emul- 
sions and five screens were tested in all possible 
combinations with regard to their effect on den- 
sity, the other factors being kept constant. The 
technique of the experiments is described and 
tables given showing the details of the results. 
One table shows the results obtained for the 
three most effective screens and various emul- 
sions that can be obtained commercially. 

Of course under a different set of conditions 
with regard to the roentgen-ray beam these 
findings might be changed.—Audrey G. Morgan. 


STANFORD, Brian, A research into the physical 
factors concerned in indirect radiography. 
III. A simple method of detecting experi- 


mentally the presence of the phenomenon of 


latent image reinforcement in a fluorescing 

screen. Brit. F. Radiol., June, 1941, 74, 213 

214. 

With some fluorescing screens a subject pre- 
viously recorded may reappear when the screen 
is used again, appearing as a ghost image that 
confuses the clarity of the second image. This is 
permissible to some extent in recording screens 
as the phenomenon persists for only a short time 
and they are rarely used twice at such short in- 
tervals. But in mass roentgenography the image 
on the screen may be changed every few seconds 
and so such reinforcement is not permissible. 

A simple method of testing a screen for this 
phenomenon is described. Exposure is made on 
the screen of a steep roentgen-ray step-wedge, 
which is then rotated for go° and a second ex- 
posure made. If there is no latent image rein- 
forcement, only the second image will appear on 
the screen. Screen G 231 was tested in this way 
and found free of the phenomenon.— Audrey G. 
Morgan. 


STANFORD, Brian. A research into the physical 
factors concerned in indirect radiography. 
IV. The quantitative estimation of the ac- 
tinic value of the afterglow of a fluorescing 
screen. Brit. ~. Radiol., July, 1941, 74, 244- 
246. 


The details of an experiment performed to 
make a quantitative determination of the ac- 
tinic value of the afterglow of a fluorescing 
screen are described. A G 231 200-mesh screen 
was used. The screen was activated regularly 
every ten seconds for a tenth of a second at 80 
kv., 100 ma., 2 ft., 3 in. tube-screen distance. 
Under these conditions the useful actinic emis- 
sion becomes negligible about two seconds after 
activation is discontinued. If a screen is used 
that has an afterglow a simple shutter should be 
used in the camera. If the viewing screen has no 
detectable visual afterglow it may be assumed 
to have no actinic afterglow and in that case a 
shutter is not necessary.— Audrey G. Morgan. 


STANFORD, BriAn. A research into the physical 
factors concerned in indirect radiography. V. 
The effect on luminous output of variation of 
crystal size of the fluorescing material. Brit. 
F. Radiol., Sept., 1941, 74, 304-306. 


The fluorescence of fluorescent screens is 
often accompanied by phosphorescence in 
which the emission of luminous energy persists 
after the exciting radiation has stopped. This is 
very undesirable as in viewing screens it leaves 
the trace of moving organs on the screen and 
blurs the image. On recording screens the im- 
prints of former exposures are left superimposed 
on more recent ones. 

This article describes tests made to see to 
what extent variations of the mesh size, that is 
the size of the crystals constituting the salt 
coating, would affect the intensity of the light 
emitted by the screen. Five screens were tested 
which were specially prepared from two salt 
mixtures; three from salt G 231 passed through 
sieves of 120, 200 and 220 mesh and two from 
salt Y-S passed through sieves of 120 and 200 
mesh. The variations in mesh size had no effect 
on the luminosity of salt Y-S. Mesh 200 was 
optimum for salt G 231, while 220 was about 10 
per cent slower than this and 120 about 30 per 
cent slower. Increased kilovoltage resulted in 
proportional increase in luminosity on both 
screens to an equal degree throughout the range 
tested. The fluorazure salt, ordinarily used as a 
recording screen, shows an optimum response at 
65 kilovolts.— Audrey G. Morgan. 


Witiiams, Marvin M. D. The effect of shock- 
proof cables and condensers on two-valve 
half-wave rectification. Radiology, July, 1941, 
37) 94-101. 
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Changes in the equipment for roentgen ther- 
apy in the past few years have given an oppor- 
tunity to compare the quantity and quality of 
radiation produced by several types of rectify- 
ing circuits and particularly for determining the 
effect of shock-proof cables and condensers on 
two-valve half-wave rectification. 

A series of oscillographic tracings is given for 
different milliamperes at several peak voltages, 
showing the effect of the capacity of shockproof 
cables and condensers on the voltage waveform 
from a two-valve half-wave rectifier. These dif- 
ferent voltage wave forms cause changes in the 
intensity and quality of the radiation. A change 
of more than 100 per cent in the number of 
roentgens per minute per milliampere, as well 
as changes in the quality of the radiation may 
be brought about by shockproof cables, the 
presence or absence of other condensers and dif- 
ferent tube currents.— Audrey G. Morgan. 


Jacoss, Lewis G. The accuracy of focal spot 
size determination: some theoretical and 
practical considerations. Radiology, Aug., 
1941, 77, 214-220. 


The author gives mathematical formulae for 
estimating the effective projected focal spot dis- 
tance for clinical use without further correction, 
provided the tube is centered between two pin- 
holes with its principal axis perpendicular to the 
line connecting the pinholes and provided the 
target-pinhole distance is large both absolutely 
and in proportion to the distance between the 
pinholes. As the measurement of the shadows 
on the film is subject to quite a large error it is 
best to use the average of at least ten different 
measurements for the values both of shadow 
size and of the distance between the shadows. 
The method is not accurate to more than 5 per 
cent though it is possible that its accuracy 
might be improved by special camera construc- 
tion, especially if extra fine grain film and ex- 
tremely small pinholes were used to decrease 
the penumbra.— Audrey G. Morgan. 


Gasser, Orro. The evolution of dosimeters in 
roentgen ray therapy. Radiology, Aug., 1941, 
37 221-227. 

The older methods of roentgen dosimetry are 
described. In 1925 a Committee on Standardi- 
zation of Measurement of Radiation was formed 
by the Radiological Society of North America. 
It was made up of radiologists and physicists as 
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the importance of collaboration between these 
two groups, was realized. 

Roentgenologists are interested primarily in 
the average quality of the roentgen-ray beam 
used in treatment and its distribution in the tis- 
sues. Therefore they prefer some way of speci- 
fying quality according to absorption values. 
Total absorption curves in any absorbing me- 
dium can be made easily with modern ioniza- 
tion dosimeters, and those of constant potential 
apparatus have a close relationship to the spec- 
tral distribution of the radiation. Taylor in 1938 
developed standard absorption curves to be 
used as practical “qualimeters.”’ Absorption co- 
efficients, effective wave lengths, average wave 
lengths and half-value layers can be derived 
easily from such absorption measurements. The 
preferred way of expressing quality is according 
to half-value layer.— Audrey G. Morgan. 


Meyer, Wittiam H. Depth dose calculation 
wherein absorption in unit volume in the 
depth, i.e., volume depth dose, is the index of 
effective radiation. Radiology, Oct., 1941, 37, 
476-486. 


The author maintains that the r dose, usually 
taken as the unit of dosage, varies with the volt- 
age or filtration used, with the size of the field, 
the focal distance and the r per minute of appli- 
cation of the dose. The important thing is to 
bring about maximum absorption at the site of 
the lesion. He presents the scale of a depth dosim- 
eter that he has worked out on the basis of 
many years’ experience in the use of radiation 
therapy. It allows for the variable factors and 
permits of a rapid determination of depth dos- 
age.— Audrey G. Morgan 


Lamerton, L. F. Physical investigations with 
140 kVp radiation. Brit. F. radio/., June, 
1941, 74, 199-205. 

Physical examinations have been made of low 
voltage radiation, up to 60 kv. and in the higher 
ranges from 180 kv. up. But very little work has 
been done on the intermediate range which is 
known as that of middle distance therapy. The 
author describes measurements made at 140 
kv. (peak) using a Victor middle distance set. 
Absorption measurements were made in cop- 
per, using a Victoreen condenser dosimeter. 
‘he tube filters used were 0.25 mm. copper and 
¢.10 mm. copper. The half-value layers and 
‘ quivalent wave lengths with these filters are 
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given and the absorption curve shown. Meas- 
urements of the variation of depth dose with 
variations in filtration showed that 0.25 mm. 
copper was a good filter for use in treatment. 
The variation of percentage backscatter with 
variations in the size of field was measured. 
Central axis depth dose curves for different field 
sizes and with focus-skin distances of 15.5, 20 
and 25 cm. are given, as well as some complete 
isodose curves. Measurements of the stray ra- 
diation near the tube are also described.— Au- 
drey G. Morgan. 


Reinuarp, M. C., and Gortz, H. L. Note on 
the distribution of surface radiation from a 
million-volt generator. Radiology, Sept., 1941, 
37> 335-337: 

The million-volt roentgen-ray generator of 
the type installed at the State Institute for the 
Study of Malignant Disease at Buffalo in June, 
1940, has two beams, one transmitted and one 
reflected. The target is placed at an angle of 45° 
to the long axis of the tube which results in a 
differential filtration of the radiation of the 
transmitted beam, with a consequent asymme- 
try of intensity. This asymmetry can be cor- 
rected by the introduction of wedge-shaped 
filters of copper or lead. These are simple and 
easily made and can be changed if necessary. 
Audrey G. Morgan. 


Furnt, H. T., and Witson, C. W. The homoge- 
neity of dosage distribution in radiation 
teletherapy. Brit. ¥. Radiol., Sept., 1941, 74, 
300-303. 


In securing homogeneity of irradiation in the 
treatment of tumors with radium the method 
should be to provide some form of framework 
with the irradiation portals and central direc- 
tions indicated. The field within the framework 
is then known and the patient must be placed 
so that the lesion lies in the most suitable part 
of the field. The principle is to place the patient 
within the field, not to form the field within the 
patient. 

Such a framework or jig, designed for the 
treatment of tumors of the larynx is illustrated 


‘and a diagram given of the distribution of ra- 


diation resulting from three teleradium fields 
fixed to the jig. This arrangement provides for 
homogeneity of distribution of the radiation 
and ensures that all the diseased tissue is give 
adequate treatment.— Audrey G. Morgan. 


g 
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Ciarkson, J. R. A note on depth doses in fields 
of irregular shape. Brit. ¥. Radiol., Aug., 
1941, 74, 265-268. 


Depth doses have been worked out quite ac- 
curately for circular or square fields. But occa- 
sionally very irregularly shaped fields are used 
in treatment. A method of calculation is given 
for percentage dose rates at any point within a 
volume of tissue which is irradiated from a beam 
of roentgen or radium rays, no matter what the 
shape of the field. Results of the calculation of 
central axis depth doses for rectangular fields 
are also given. Tables and graphs show the de- 
tails of the results Audrey G. Morgan. 


Mayneorp, W. V., and Lamerton, L. F. A 
survey of depth dose data. Brit. F. Radiol., 
Aug., 1941, 74, 255-264. 

In working out the depth dose tables that are 
given at the end of this article, the authors sur- 
veyed the results of a number of other workers. 
These are apt to be more reliable than individ- 
ual measurements made with inadequate appa- 
ratus. They concluded that sufficiently accurate 
tables could be drawn up not only for the 200 
kv. region but also for the higher regions up to I 
million volts. The mathematical equations used 
in working out their results are given and the 
graphs showing the details of the results. The 
three most important factors considered were 
the focal-skin distance, the quality of the radia- 
tion and the area of the field. The tables give 
the percentage depth dose for qualities of radia- 
tion from 1.0 to §$.o mm. copper half-value layer 
at depths up to 20 cm. for fields up to 400 sq. 
cm. in area and with focal-skin distances from 
40 to 100 cm. A less comprehensive study has 
been made of radiation up to 17 mm. copper 
half-value layer and the results are shown in 
curves and tables. The mean values of percent- 
age surface backscatter have been determined 
from the literature for fields up to 400 sq. cm. 
in area and for qualities up to 14 mm. copper 
half-value layer. A discussion is also given of the 
variations in half-value layer with variations in 
conditions of radiation.—Audrey G. Morgan. 


Happey, F. The integration of radiation dosage 
and the absorption of energy in tissue for X 
and gamma radiation. Brit. ¥. Radiol., July, 
1941, 74, 235-241. 

At the Sheffield Radium Center the general 
plan is to give a uniform tumor dose of between 
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4,000 and 6,000 r. In deep-seated lesions a mul- 
tiple field technique must be used to accomplish 
this and as a result much radiation is absorbed 
not by the tumor but by the normal tissues. 
The determination of this absorption is of great 
clinical importance. The methods of calculation 
for determining it at the Sheffield Radium In- 
stitute are given as well as curves and tables 
showing the details of the results. The calcula- 
tions are made for 200 kv. radiation with a filter 
of 1 mm. copper and I mm. aluminum and frac- 
tional integrated dosage curves are given for 
these conditions. Corrections must be made for 
fields larger than 150 sq. cm. 

The graphs given presuppose that all radia- 
tion is absorbed and the formulae given are not 
applicable to glancing fields, for which adjust- 
ments must be made.—-4udrey G. Morgan. 


Tinc, T. P. A simple calculator for roent- 
genographic mensuration. Radiology, Aug., 
1941, 77, 208-213. 


The author from the Department of Radiol- 
ogy, Peiping Union Medical College, reports a 
calculator for measuring the size of head or pel- 
vis that is simple, accurate and inexpensive. It 
determines the object size (X) when the target- 
film distance (#7), the object-film distance (ZL) 
and the size of the image (a) are known. The 
calculator is essentially a chart consisting of 
two superimposed plots; one is rectangular, 
dealing with the relationship of the target-film 
distance H and the object-film distance LZ, while 
the other is a polar graph of the object size, \, 
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on a family of circular arcs indicating the vari- 
ous sizes of the image a. Actually the circular 
plot is replaced by a movable radial member 
which is pivoted on one end to the polar origin. 
A half-size reproduction of the chart is given. 
The mathematical formulae used in construct- 
ing the chart are also given. 

To use it, first find the point where the target- 
film distance used intersects the object-film dis- 
tance measured. Swing the radial member which 
is pivoted on one end to the origin, until its 
lower edge coincides with the point of intersec- 
tion. Then on this radial member mark a point 
corresponding to the size of the image meas- 
ured. Finally, by noting the curve on the chart 
which meets this point on the radial member 
and tracing it downward until it intercepts the 
horizontal axis the size of the object is obtained 
from the appended table. The table also gives 
the volume of a sphere corresponding to given 
measurements of diameter or circumference. 
Audrey G. Morgan. 


Marine ui, L.. D. Milliammeters at ground po- 
tential in x-ray tube circuits. Radiology, 
Sept., 1941, 375 331-334 
In modern roentgen-ray equipment the mil- 

liammeter is usually at ground potential. But 
this has been brought about in two old roent- 
gen-ray machines without making any expensive 
modifications. The two types of machine and 
the methods used to bring about the desired 
change are described and illustrated with dia- 
grammatic drawings. dudrey G. Morgan. 
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